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1. SUNMUIARY

An investigation has been conducted on the effect of
geometric and dynamic parameters on the maneuverability of
a hybrid lighter-than-air (LTA) vehicle, notably the ratio
of longitudinal rctor spacing to overall length, ana the
ratio of static-1ift to gross-welght. Other parameters

considered were ailrspeed, angle of sideslip, and amount of

horizontal thrust.

The study was conducted on 4 varlations of O different
vehicle desipgns forming a matrix with 36 variations in the

peometric and dynamie parameters,

A gualitative summary of the effects of these para-
meters is shown in the chart, Filg. 1, More detailed
discussicn of these separate effects is given in Section 5,

together with graphs showing the various functional

relationships.
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3. INTRGDUCTIC

The ability of Lighter-Than-Alr-Vehicles utilizing large
fractions of rctor 1ift to rerform preclsion hovering muneuvers
depends on the relative magnitudes of the dynamic thrust forces
and thelir moments, the overall ncn=nt of inertla, and the
aerodynamic hull monments, Desipgn studies show the deslrability
to keep the overall length of the vehlcle to a minimum for a
glven payload cépability, in order to reduce surface wetted

area, structural welght, cost, and nooring space requirenents,

Ilovering maneuverabllity 1is directly related to the

ratio of static to rotor 1lift.

The study effort herein 1s directed toward reduction
of weight empty and constructlon costs by reduction of rotor-
snacing/overall-length ratio, and Iincreasing the statlc/rotor

1ift ratio.

Calculations of the controllability for variocus hybrid
configurations with reduced ratio of rotor sracing to overall

length are presented.
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The oblective of this investipation was to detarmine i

{

the elfects on controllubility of hvonrild LA vehizles of :
buoyancy ratlo and lorniltudinal rotor sracing ratic. Thase o

two oquantitles are both dirmensionless ratios, and hence
< ?

{

a ltnovledge of thelr influence can be apnlied to a wid
variety of desipns, Ilowever, consideration of other design 3
aspects has shown that several other deslign variables can 5

have a considerable Influence, and 1f not held constant 1in

n

the Investigation, could mask the Influence of buoyancy
ratio and rotor sracing ratio, Indeed, these other desirn E-
varlables have a direct bearinz on the vehlcle mass distri-

bution (tnus monent of inertia) and on the effectiverass of

avallable centrol forces, Thase asnects are discussed below, o
Slze of Aerostat 3

4

Asgume that a comparison is to be made between two L7A ;

vehlcles of the same displaced volume (e, g. 1,532,000 cu.

ft.), the same static 11t (e, z. 94,000 1b.), and the sare

rotor spacing ratic (e. &. rotor spacing is 50% of coverall ;
lensth), llowever, let the fineness ratlos of the two vehicles ;
differ, so that vehicle A 1s twizce as long as vehicle 3, and f
that both vehilcles have a moment of inertia distribution ' i

which 1is annroximately uniform longzitudinally., Then, since
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moment of inertia in pitch or raw varies as LZ, where L

is vehicle length, the ratio of mcment of inertia will be

T-i = (2)% =
B
or 1. = L T
A B

Centrol rmormants wihich can be developed are cqual to the
product of ths2 rotor thrust component about the particular

axis (assvma2d the same for both vehicles) times the longi-

tudinal dictance {from rotor to c.g. Since vehicle A is twice

as long as vehicle 3, and beth have the same rotor spacing
ratio, it follows that vehicle A can develop a yawing or

nitchin:s moment, &, of twice that of vehicle !

jo»

RA = 2 U

B
The ratio of control effectiveness of the two vehicles,

is measured by angular aczel2ration, &, which is

.-
q= 'I
Pao T
S s
lB IB
Juhstituting 1 and [l
-l— :.‘l' _———-A = 2
B "3
X 5 2
o, T TS
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Johilcls L ocen dov:loup oa2-half the angular acceleration of
chicels 2. Ghus differances in shape, alone, can nasxk the

cocts of eoitheor buoynncy ratio or rotor spacing ratlo.

o2

similar situation develops if the fineness ratio

is riintainzd constant, for two vehicles of different

ovarall size, even if rotor spacing ratio and buoyancy ratio
ar2 held corstant, Assume that vehicle C has twice the
aerostat volume, twice the static 1lift, and twice the dynamic
1ift of v.ohicle D, but the sam2 relative shape (fineness
ratio).

The ratio c¢f lensths, L , will UYe approximately

.I;c.:_ = (2)1/3

LD

The ratio of moments of inertia, I , will be

2

C
Lo () 2 (253 j
I 1
D .
3
Tha ratio of control moments, ' , will be 1
A
I 3
1 ot 2
£os 2 @3- (@0 k
lD !
Th2 ratic of control effcectiveness, or angular acceleration, %

£ o o SN

i
c
i = 4/3
a_s = ’IC = “‘D__.__ = .(_E.)_..—.. = (2)_1/3 = '79
C

D "D g /3
D L (2
Ip ™y

i
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Because of this size effect, the investigation

dealtwith vehicles which all have the same displaced volunme

and shape,

Ballonet Air Volume

The volume of air In the aerostat ballonets, especlally
when the ballonets are located in the extreme bow and stern
for effective trim control, will have a major effect on
plcch and yaw moments of inertia. TFor example assume two
LTA vehicles of 1dentlcal shape and displaced volume

(e.g. 1,500,000 ft,3), with the same rotor spacing (hence

the same rotor spacing ratio), and operating at the same static

1ift/gross welght ratio (e.g. 0.5).

Suopose vehlcle E is fully inflated with helium, and
thus has a static 1ift of 94,000 1lb. Since we have assumed
a static 11ft/gross weight ratio of 0,5, the gross weight
will vbe 188,000 1b,, and the rotor 11ft will be 94,000
1b. The empty welght will probably be of the order of
65,000 1b., and the resulting useful load will pe 123,000
1b, The latter will tend to be longitudinally concentrated
near the vehicle c¢.g, and contribute relatively little to
the overall vehicle moments of Inertia in pitch and yaw,

Now let{ vehicle F be only 8% inflated with helium
with the remaining 14 of the volume consisting of air In
forward and af. talloneits. Thils is representative of a

design pressure height of 5,000 feet, where the hellum

-12=

PP

SRR By M- A e

B I T e ety s vt oS 7 Pioe G-l (8 R - N

3
i

o

L.

o i s\ b & § AN Lam it it AT L )yt M i LD R

PR ST WTTIPR MUY PR 777 3 25¢ WORPRNC YRR SR FOWPRUPYREY. 1Y VE'2* ;=PI IN




G

would expand to f£111 wrne entirc volume, and the balloncts
would ve full, collarsed, This vchicle would have a
i static 1if% of 247 of 94,000 1t., or £0,840 1b., and a
gross welight of 101,770 1b,, since we are holding the
static 1ift/nross weisht ratlo constant at 0.5. Since i
the empty welght should be the same as for vehicle E,
the useful load will te 95,530 1b,, & reduction of 26,320

E,

1lb. compared to vehlcle

P, ST WIS S WAL ), TEAST) PTSTITIY S v

pa—————— R 21 T2 L DS E o S

The air in the ballonets 3
has a mass 1in excess of the disnlaced helium (2>xpressed 3
in pounds instead of slugs) equivalent to 14¢ of 94,000

1b,, or 13,160 1b, A comparison of vehlicles E and F is

T, AT ATWRE W PR Y

showtl below:

ARl JES

Units Vehicle E Vehicle F Difference

Y =

| § Displaced Volume  cu, ft, 1,500,000 1,500,000 -
: s
; i Pressure height ft. S.L. 5,000 1
i ; Afr in Ballonets  cu. ft. 0 210,000 -
P 3
t Air in “allonzts 1b, 0 13,160 13,160 E
B, g
cot Static Lift 1b. 94,000 80,840 3
A Rotor Lift~ 1o, 94,000 80,840 ;
B ~ -~
TR Gross Weight 1b, 183,000 161,620 3
E'; | Emnty “Welght 1o, 65,000 65,000 iR
PRI "
Efg ] Useful Load 1b, 123,000 96,680 -26,320
i
-
.t 3
C -
| ;
| ~13-
B

N




Yehicle ¥ has a useful load which is 26,320 1b. less than
Vehicle E., However, since the useful load is more or less
concentrated near the c.g., its eflect on moment of inertia
is small, On the other hand, vehicle F has 13.160 1b., of
alr contained in ballonets located at its extremities. This
will cause a significant increase in pitch and yaw moments
of inertia. At the same time, the rotor 1ift (which is
vectored for yaw control) has been reduced by 14%. Thus
these two vehicles, with the same size, shape, static lift/
gross weight ratio, and rotor spacing ratis, will be signif-
icantly different in controllability.

f To avoid this influence, the investigation 2szlt

with a standardized pressure height of 5,000 feet, equivalent

to a sea level helium inflation of 86%, with 14% of the

volume consisting of air in ballonets located at the bow

and stern.

5 Rotor Diameter 33

For reasons discussed above, the investigation has

.
[

dealtwith hybric vehicles, all of which have aerostats

of the same volume, shape, and static 1lift. It follows that :

AL it L
.

O i

B } . . B .
1 i variation of the static lift/gross weight ratio must involve
b N .
3;'; f variation of gross weilght, and hence rotor 1ift. The .
1'3 13 . :
-»,g t question then arises as to how best to treat the variation 5
ﬁ:‘: ' of rotor thrust. ' j
3 i
A z
-8 i " 1l ".
E ik '
o ‘: .
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Crz motro’ wosld Lo to maintiin a constant disi loading,
2llowir; the rotor diareters to increase as the rotor 1ift

‘ inecrzancs.  oronr o itoi o suandgolat, this rmeans that he

mirimus lonsitulingd rotor zpacins which can b: investigated g
! vould bz rovorntd Ty cliuawronce considerations with the %
lar -1 rotor, i would unduly resirict the range of rotor f
spacin_ ratios *to b: invsstigatzd. For this reacon, the t

rotor Jdiamcter wzs hol? constant, and the digk loading

allc 20 1o irerooze with irecrogsed rotor 1ift. This

cohormy hos ths additionul valuable feature that variation
| of rotor 1ift 1is representative of operating a gilven vehicle
at variovs lozding conditions, including mininun flying

weilzht, tnus providin. socater insizght into the cffect of

O S

payload varization o flyinz gyvalities in a given vehicle.

Tectorins Arzle of ain notor Thrust

72etorinc of %the thrust of the 1ifting rotors of the
hybrid 174 vehlcle iz the pritary means of providing i

control forcarc znd moncnts for trarnsliational and rotational

motior In 2ll aies.  The term "vectoring” incluie:n variation

in th: 3ize of the -rector as well as in its direction.

R Clearly i th: ~animum arouat of vectorins is permitted to
4 he Ai7Trant in teo vehiclzg which are otherwisc idantical,

thor bhelr marcuvereblility will v 4ifferent. 11 is esontial

- .

A
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the vehicles under consideration, Yor angular deflection

of the thrust vector a inaxinum value of 12 degrees was

B T

maintained, longltudinally and laterally {(independentiv),

e i e £ e 1

EEEET PPN

This value 1s representative of maximum longitudinal and

o sy

lateral cyclic viltch control of typical helliconter rotors.,
i The maxinun magnitude of differential thrust was plus or "2
nminus 307 of the maximum steady-state value (tynical for
f tandem helicopters)., lowever, the configurations wilth

static-lift/zross—%eight ratio of .85 can be considered

? representative of the configurations with a .609 ratio

L TN TR ST T gy

: when the latter are flying with about 50% payload, (The

| smaller paylcad results in a smaller gross weight, which

TR Ry

in tvrn means a largcer ratio of static-=lift/gross weignt.)
L Therefore, an additional series of cases was calculated, §

using the weights and inertias of the .85 designs, but

the control forces of the ,609 designs.

Hlorizontal Thrusters

When the hybrid LTA vehicle 1s oneratins; at a relatively =
low static 1ift/gross weight ratlo, and hence a substantial k
amount of rotor 1lift, the latter forces can be vectored for
propulsion and control about all axes (see vrevious vparagranh).
i llowever, when the vehicle 1s cperating at a high static 14t/
gross weight ratio (above about 0.8), and hence small values
of rotor thrust, then the force vectors becoms tco small to
be effective, even when vectored to large deflectlon angles,

A solution to this situaticn 1s to use horizontal

thrust units, such as prorellers, mounted to produce thrust

‘MMWTWW‘FW‘W FRLLI U S et e =y peeme
G.l s L

=16~
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vectors directed in a variable azimuth, but in a horizontal
plane. These units can be driven from the same powerplants
or from their own separate powernlants, For the purpose of
this controllability study i1t does not matter. The vehlicles
investigated were considered to be provided with thrust
means capable of producing horizontal forces in the range

of 3% to 1003 of main rotor maximum steady-state thrust.

The specific amount ccnstitutes an additional variable in

the study matrix (see "Methodology,” the next subsection

of the report).
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METHOD OF ANALYSIS (Cont'd)

Methodology

The first step required in the analytical study was
to establish a matrix of point designs covering a broad
interval of rotor spacing ratio and buoyancy ratio (static
1ift to gross welght ratio). The point designs have been
selected with due consideration given to the design aspects

discussed above, and their major characteristics are listed

in the chart, Fig. 2.

The model designation code contains the most significant

feature of each design. The numeral before the "/" is the
longitudinal rotor spacing, in feet. Associated with each
of the three rotor spacings is the letter A, B, or C,
priasarily to ald the reader's memory. The decimal fraction
after the "/" is the ratio of static-1lift to gross weight,
of which therc are three. Thus Flg. 2 shows nine point
designs, in addition tov the reference design, model 97-1
from Ref. 1.

Analyses were carried out for each of the nine matrix
design points, which were further subdivided with regard to
the amount of horizontal thrust assumed. Tour,
constant ratios of horizontal thrust to main rotor thrust
were used: .03, .125, .50, and 1.00, thus making 36 distinct
design points. Fig. 3 is a composite three-view drawing,
showing, the assumed aerostat shape and the three different

locations of the propulsors (helicopters).
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Next, the following inertial and aerodynamic propertles

were determined for each point design.

1.

Yleight breakdown, including aerostail
propulsors, interconnecting structure,
and payload, and c.g.

liass, including components of item 1,
above, plus enclosed air, helium, and
additional apparent mass.

Moments of inertia in pitch, roll, and
yaw, including additional apparent inertia.

Drag at airspeeds of 15, 25, and 35 knots,
and at sideslin angles of 0, 30, 60, and
30 degrees, :

Aerodynamic yawing moments at airspeeds
of 15, 25, and 35 knots, an¢ sideslip
angles of 0, 30, 60, and 90 degrees.

Control forces and moments available from
the main and auxiliary rotors.
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At each sldesllip angle and speed considered, the control

forces necesasary to trim the vehlcle were calculated, Finally,

maxinum accelerations wers calculated based on naxlimum control

forces avallable after subtracting those required for trim,

Contrellabllity analyses were made for the following flight

conditlions.

1,

In all cases, the accelsration was 1n the direction with least
control remaining. Thus, 1f the vehiclé was trimmed in a

right roll (to maintain right sideslip), the least roll control
remaining was to roll further to the right, If trimmed in yaw

to maintain & sideslip angle {(other than zero) at a constant

T ™ cmm e Nt wewe e——e o . - -
- - - PR . . C Mg e om -

Acceleration in pitch and in forward translation
(independently), at zerc sideslip angle,zero pitch angle,
and forward speeds of 0, 15, 25, and 35 knots.
Acceleration in roll, from trimmed roll attitude, at
sideways velocitles (£ 290 degrees) of 0, 15,.25, and

35 knots. Since longltudinal rotor spacing has no

effect on lateral flight at B = 90 degreces, except for

a minor effect on lateral drag, this analysis was carried
out for only one value of rotor spacing.

Acceleration in lateral translation, after achieving

the maximum roll attitude, at sideways velocitles

(6=90 degrees) of 0, 15, 25, and 35 knots. Aggin, this
was done at only one value of longitudinal rotoflspacing.
Acceleration in yaw, from trimmed attitude, at speeds

of 0, 15, 25, and 35 knots, and at sideslip angles of

0, 30, 60 and 90 degrees,.
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alrspeed, the least yaw control renalning was to reduce the
sideslip, since the vehicle was unstable in yaw, tendine to
vayw to a greater sldesiin angle unless resisted by control
forces,

Sources of control forces and moments ars shown 1in Pig. 4,

RESULTS OIY ANALYSES

Longitudinal /cceleration

Fig. 5 shows naximum longitudinal acceleration canabillity

plotted against static 1lift/gress weight ratio for zero

1 il b Mo 5o ol L 1 xR ML 000ttt e i

forvard speed and 35 knots, and for the various ratios of

horizontal propulsion thrust to total rotor 1ift (Tp /77 .
*max total
The control forces for vroducing longitudinal acceleration

are the thrust of horizontal propulsive units (TPX) and the X
coriponent of rotor thrust. Both of these paraneters are inde-
pendent cf longitudinal rotor snacing, which 1s, therefore,
not a parameter for this motion., The influence of forward
speed 1s quite minor, as evidenced by the small separation of
the granhs for zero and 35 lrnots, The l15-knot and 25-knot
speeds would fall within this spacing, and for the sake of
clarity are not plotted, Longitudinal acceleration has an
inverse, but non-linear relationship to static-1ift/gross
welrht ratio, This 1s to be expected, since the X component
of rotor thrust 1s directly pnroportional to total rotor

E thrust (7 ), which decreases toward zero as the static
5 total
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1ift/gross weight ratio increases toward 1.0. The amount
of horizontal thrust available has a predictably important
influence on longitudinal acceleration, although one should
note that it has been varied over a very large range (from
3% to 1007 of the dynamic 1ift). At high values of static
1lift/gross weight ratio the horizontal thrust is the
primary means for producing longitudinal acceleration.

Two points are shown in Fig. 5 , for zero and 35 knots,
for Pilasecki lModel 97-1 (from Ref. 1), which had no horizontal
thrust provisions. These points are quite consistent with

the trends of the parametric curves falling slightly below
the curves for 37 horizontal thrust,

Pitching Acceleration

Pitching control moments are produced by differential
thrust variation between the forward and aft vertical thrust
units (designated Aﬂﬁ)' At forward speed, part of this
moment is needed to counteract the nose-up moment of the
thrust units, which in the configuration studied (see Fig. & )
are located substantlally below the center of bucyancy and
center of gravity.

Fig., 6 shows the strong inverse relationship btetween
pitching acceleration capability and static 1ift/gross weight
ratio for all speeds and all rotor spacing ratios considered.
The reason for this 1s that the maximum amount of differential

thrugt at each vertical thrust unit was assumed to be a

-26~
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constant 309 of tha basic (average) thrust, a value repre-
sentative of typical tandem helicopters. Thus for a

static 1ift/pross welizht ratio apnroaching 1.0, the dynanic
thrust is relatively low, and so is the amount avallable for
differential thrust. Cn the other hand, for a static lift/
gross weight ratio approaching zero, tae dynamic thrust 1is
large, and so is the differential thrusi.

Although Fig. 6 indicates that the pitching acceleratlon
capability increases with increasing longitudinal rotor
spacing, thiz effect is shown more clearly on Fig. 7 , where
acceleration is plotted against rotor spacing.

The effect of longitudinal moment of inertia (IY) can
be seen in Fig. 7 . For values of static lift/gross weight
ratio approaching 1.0 (for example the 0.85 set of curves
in Fig. 7 ) most of the effectlve pitching moment of inertia
is due to the mase of the aerostat envelope, the internal

gases, and the additional apparent mass of the surrounding

"air. Thus for this condition I, is essentlally constant,

independent of rotor spacing ratio. The curves are nearly
stralght lines. For lower values of static 1ift/gross welght
ratio a greater part of the total IY is due to the mass of the
thrust units, anc IY increases with increasing rotcr spacing.
This, in turn, reduces the increase in acceleration which

would otherwise result from the increcased moment arms of

the thrust units, and the curves are strongly curved concave
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down.

Both Figs. 6 and 7 show that the pitching accelera-
tion capability becomes smaller with increasing forward
speed. The increased drag, acting approximately at the
center of buoyancy, requires a larger amount of differential
thrust for trim, because of the low position of the thrust
units. Hence less differential tarust is available for
acceleration. The effect of speed is accentuated &t high
static 1lift/gross weight ratios because the amount of differ-
ential thrust is smaller to begin with, and the amount
required for trim is a larger percentage of the total.

Model 97-1, also plotted on Figs. 6 and 7 , is seen
to be consistent with the trend curves within about 107%,

Its pitching acceleration capability is about 10% higher
than the parametric point with the same rotor spacing ratio
and static lift/gross welght ratio (best seen in PFig. 6 ),
The probable reason 1s that this model, having a rigid aero-
stat, does not have ballonets at each end, with their mass
of air which would add a significant contribution to moment
of inertia in pitch. Thus, the Model 97-1 has a relatively
smaller moment of inertia, and a correspondingly higher

acceleration capability.
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Lateral Acceleration

Lateral rotor spacing was not considered as a variable
in this study. All of the matrix desligns have the same
¢clearance between rotors and aerostat hull, and consequently
the lateral spacing on all is nearly the same, (see Fig. 3).
Calculations for lateral controllability were based on the
76-ft. longitudinal spacing.

Pig. 8 shows lateral (or sicdeways) acceleration capa-
bility (y) plotted versus static-1lift/gross-weight ratio for
lateral velocities from zero to 35 knots. Lateral acceler-
ation has a strong inverse relationship with static-1lift/
gross-weight ratio for the same reasons as does longitudinal
acceleration, described earlier. Velocity, however, has a
much greater influence on lateral than on longitudinal
acceleration because of the much greater drag in the lateral
direction (compare Figs. 8 and 5).

The effect of lateral veloclity is shown more directly in
Fig. 9, where lateral acceleration capability is plotted
versus lateral airspeed. IModel 97-1 is also shown on this
figure, and is seen to display approximately the same trend

as the matrix designs.

Roll Acceleration

Fig. 10 shows roll acceleration capability (p) plotted
versus static—lift/gross—weight ratio. Once again there is a

strong inverse relationship because the rolling moment is

- 31 -
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comprised of the lateral differential thrust, which 1s assumed
at a constant 307 of the average thrust (see discussion of
pitching acceleration)., The roll acceleration capability is
reduced with increasing veloclity to a greater degrec than 1is
pitching acceleration, bacause the lateral drag is much higher.
(Comparce Figs. 10, 6 and 7).

Roll acceleration capability is plotted directly against
lateral airspeed in Fig. 11. For each static-lift/gross-weight
ratio there i1s a limitingz lateral velocity where all available
roll control moment ls needed merely to trim the vehicle into
a rolled attitude, so that none remains for acceleration to an
increased roll attitude. This limiting velocity is seen to
vary inversely with the static-lift/gross-weight ratio, Model
97-1 has been plotted on Fig. 1ll, and is seen to display the

gsame general trend as the matrix vehicles.
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ACCELERATICN IN YAW

The effect of five distinct parameters on yaw acceleration
capability has been lnvestigated. To show the separate effects
of so many parameters on any single preserncation be:ome ex-
tremely confusing. Consequently, their effects are shown in
five different ways, Figs. 12 through 16. On each of these
figures variation in either three or four parameters are shown,
while a typical constant value is maintained for the other(s).

Figs. 12 and 13 show that yaw acceleration capability
decreases with increasing rotor spacing, except for high ratios
of static-1ift/gross weight. This was an unexpected result,
since intuitively it seemed that a longer moment arm for the
yaw-producing forces should produce a higher yaw acceleration.
However, the welght of the thrust-producing units increases
the yaw inertia of the vehicle sufficiently to more than off-
set the increased yaw moment. At a static-lift gross weight
ratio of .85, the weight of the thrust-producing units
relative to the aerostat is sufficiently small that the
additional moment of inertia from increased spacing 1is dal-
anced by the additional moment arm, and the acceleration is
essentially independent of spacing.

Speed in itself does not have much influence, parti-
cularly at zero sideslip angle, as seen by the small change
between zero and 35 Knots (Fig. 12). In combination with

high angles of sideslip, however, speed becomes significant,

as can be seen in Fig. 14,
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Fig. 12 also shows that the static-1lift/gross-weight
ratio is a highly significant parameter. The vehicle with the
smallest percentage of static lift is the most maneuverable.

This relationship is shown more clearly in Figs. 14 and 15,

Lh 2 B A

where yaw-acceleration capability is plotted directly egainst
static-1ift/gross welght ratio.

Use of auxiliary thrust in the horizontal plane is a

REc . L alhoins LRALE oot

poverful method of providing yaw moment. In the present study

e W

: ‘ horizontal thrust of varying magnitude was assumed to act in

a fore-and-aft direction at a location behind each of the aft

[ o 14

main lifting rotors (see Fig. 4). The magnitude of the maxi-
mum available horizontal thrust is expressed as a fraction of
z the rotor 1lift. Acting together, the horizontal thrusters
produce forward (or aft) propulsion, but acting differentially
they produce a yawing moment. Their effectiveness 1s clearly
shown in Figs. 13 and 15.

As expected, the yaw acceleration capabllity at air-
speeds other than zero is dependent upon the sideslip angle
since the wind then produces its own yawing moment. This

dependency on sideslip is shown in Fig. 16 for a wind speed

of 25 knots. The aerodynamic moment produced by the wind is

greatest at U5 degrees; hence the acceleration capability is

Lz Y

smallest at that azimuth. Also, Fig. 16 again points out that
the acceleration capability is higher with a smaller rotor

spacing.
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Comparison with leli-Stat Model 97-1

The Piasecki Heli-Stat Model 97-1, cescribed and analyzed
in Ref. 1, had geometric and dynamic characteristics as shown
in Plg. 2 4, From interpolation ¢f results from the matrix
point designs to correspond with the ratios of static-1lift to
gross weight, and of rotor longitudinal spacing to overall
length, the comparison table, Flg. 17 , is obtained.

The correlation between NModel 97-1 and the matrix points
ie seen to be within 12% for speeds of zero and 25 knots and
for all axes except lateral translation and roll. The lower de-
grée of correlaticn in these two axes 1z the result of a somevhat
different lateral control configuration. As shown in Fig. & ,
lateral forces are produced in the matrix designs by lateral
thrusters (tail rotors) on the itwo forward main thrust units, as

well as by lateral components of the main rotor thrusts. The two

aft thrust units are equipped with horizontal thrusters for longi-

tudinal thrust only. Model 97-1, on the other hand, had lateral
thrusters on all four main thrust units and, therefore, twice as
puch lateral thrust from this source. It is this feature which
glves Model 97~1 a higher lateral acceleration capability. IMore-
over, Model 97-1 can be trimmed for a glven lateral alrspeed at a
smaller roll angle because it was designed with greater lateral
thrust than the matrix designs. Hence a larger proportion of

roll control is available for roll acceleration
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Application to Real Desigms

The paranetric analyses conducted for this report were ﬁ-
based on a grid, or matrix, of point designs having three
fixed values for static-1ift/gross weight ratio. In any real
design this quantity is a variable, dependent upon the H
vehicle's empty weight and the amount of useful load being
carried. However, from these parametric results the behavior
of such a real design can be estimated.

To illustrate a typical real-design application, Model
c-76/.609 has been selected. The .609 ratio of static 1lift
to gross welight has been taken to represent the fully loaded
condition, for which estimated weight breakdowns can be found ;
in the Appendix. When off-lcaded approximately 50%, this 3

design is found to have a ratio of static-lift to gross weight

2o

of 0.85, another of the fixed values used in the matrix study.
However, since it is now considered to be a fixed design,
operating at part load rather than full load, the control
avalladle for piteh, roll, and yaw (differential thrust and _
auxiliary horizontal thrust) will remain the same as they A
were in the fully loaded condition, as opposed to the smaller
values found in the .85 ratio matrix points.

The .85-static-lift/gross weight ratio designs were,
therefore, re-analyzed using the values for differential

thrust and auxiliary thrust from the .609-ratio designs.

Results are shown as follows:




iyt e SRtIRNNES SRR D) RGOS SR T IR R TS Jia gt IR

Longitudinal Translation is shown on Fig.18 nrlotted

against alrsneed, for an harizontal thrust ratioc of .125,

% one of the constant ratios used in the matrix (sclid line),
i and a ratioc of ,455, which represents the same value of

: ; . horizontal thrust, in pounds, as the corresponding matrix

. point with ,609 static-lift gross-weight ratio (dotted

line). The dotted line can be considered to show the

.609-ratio matrix designs when operating with anproxi-

mately 50% deslpgn pavloads,

o dn o abes no st et L

Piteh 1s shown on Fig, 19 plotted against longitudinal

E spacing ratlio for speeds of zero and 35 knots. The

E 8011d curves ( [}Txmax/Tz = ,30) are identical to those

g in Fig. 7 . The dotted curves ( ASTZmax/TZ) once again

; are representative of the ,609-ratio matrix designs ovperat-
g ‘ ing with approximately 50% design payload.

; ; Lateral Translation and Roll are shown plotted against

E E airspeed on previous Figs, 9 and 11 . On each, along

g’ with the regular matrix designs 1s shown a curve for the

; : § .85 static-11ift ratio, but with lateral differential

;; : - thrust taken from the ,609 ratio.

E? . Yaw 1s shown on Flg, 20 nlotted against gideslip angle at a

speed of 15 knots, As in Fig, 28 the solid curves are

for an auxlllary thrust ratio of ,125, while the dotted

curves are for a ratio of ,455,
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FIG, 18 LONGITUDINAL ACCELERATION CAPABILITY VS, ATRSPEED,

AS AFFECTED BY AVAILABLE HORIZONTAL PROPULSIVE

THRUST/DYNAMIC LIFT RATIO (Tp /1, ).
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Final graphs of controllability vs. loading condition are
shown on Flg., 21. These grapns were constructed using points
for 1007 and 507 payload as decscribed in the preceding para-
graphs. They were then extrapoleted down to zero payload.

For zero airspeed, pltch and recll controllability de-
crease with increasing payload, since the available control
moments (from differential thrust) remain constant, while
moments of inertia are increased. (Even though the payload
was considered as essentially a point mass, its location well
below the vehicle center of mass gave it a significant con-
tribution to pitch and roll, but not yaw moments of inertia).
However, longitudinal and lateral translation and yaw con-
trollability all decrease with decreasing payload. Main rotor
thrust vector components play a large part in these particular
modes, Since these thrust components are a direct function of
dynamic 1lift, they become smaller with decreased payload.

At 15-knots airspeed longitudinal translation, pitch,
and yaw acceleration are not greatly different from their
zero-speed values. Lateral translation is substantially re-
duced, and the slope of the graph for roll is reversed. A
reduction in lateral translation capability ls accompanied by
increased roll control and roll angle to maintain lateral force

trim. Thus less roll control is available for roll acceleration.
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In a light condition (payload ratic less than .35), the
maximum sideward airsperd for lateral trim is about 15 knots.
Hoviever, hovering flight in a 90-degree crosswind will nor-
mally not be required. For those applications when 1t would
be required, provision would have to be made for ample lateral
thrust under conditions of light loading.

Thus the parametric results developed herein can be used
to determine the control response of a "real" preliminary
design vehicle. The oxample Jjust described represents a
design which the fully loaded condition, happens tc¢ fit one
of the matrix points and in the 50%-loaded condition to
nearly fit another matrix point. Hence Figs. 18, 19, and 20
could be constructed directly from calculated values, without
the need for interpolation. However, other designs falling
within the matrix limits can be analyzed in similar fashion.
Although all possible combinations of parameters have not
been plotted in the figures in this report, the calculated
results can all be found in the Appendix. Data for designs
with paraveters within the matrix limits but not equal to any
of the specific matrix pcints can be easily interpolated,

using the nearest appropriate points.
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Comparison With Specification MIL-H-8501A

Srec!ficntlions or standards have not been promulgated for
controllabllity requiremsnts of a lichter-than-air vehicle
(hybrid or not). As a matter of interest, however, Model
C-76/.609 nas Leen evaluated in pitch, roll, and yaw, in terms
of paragraphs 3.2.13, 3.3.10, and 3.3.5, respectively, of
Spec. MIL-1!-8501A, Aiendment 1 (Ref. 4). %“his specification,
of course, wvhen uritten was dealirg with & vehicle of the order
of one-tenth or less of the size of an anticipated LTA vehicle.
liowever, the effect of size on controllabllity requirement was
considered to some degree, in that the formulas for controll-
ablility pernmit clower nmotions for increased size of heliconter,
The calculated values shown in I'ig. 22 for the hell-Stat Model
C-76/ 609 are several orders of magnitude superior to past
davy Blimp LTA vehicles of the ZPG-2V size, although lower than

the requireaents of tihe helicopter spec.
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6. CONCLUSIONS
A systematic investigation of controllability of hybrid

LTA vehicles with varying ratios of static-lift to gross-

welght and of longitudinal rotor spacing to overall length,

has led to the following conclusions.

(1)

(2)

(3)

(%)

(5)

Longitudinal translational acceleration has an
inverse relationship to static-1ift/gross-weight
ratio.

Longitudinal translational acceleration strongly
depends on the amount of horfzontal

thrust. At high ratios of static-1ift/gross-
weight,horizontal thrust is the basic

means of propulsion and control.

Pitching acceleration has an invcrse relationship with
the static-1ift/gross-weight ratio.

Pitching acceleration increases with increasing
longitudinal rotor spacing.

At alrspeeds up to at least 35 knots, the dependency
of acceleration on speed, for either longitudinal
translation or pitch, is minor, probably because

of the relatively low body drag at these speeds.
However, the dependency on speed becomes more
significant at high ratlios of static-lift/gross-

welght, with acceleration decreasing with increas~

ing speed.
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CONCLUSIOIS (Cont'd)

(6)

(7)

(8)

(9)

(10)

Both lateral translational and roll acceleration have
a strong 1nverse relatlionship with static-lift/
gross-welipht ratio and with lateral airspesed,

Yaw acceleration has a strong 1lnverse relation-
ship to static-1lift/gross-weight ratio,

Excent for high ratios of static-1lift/gross-
veight (greater than 0.85), an increasing rotor
spacing results in a decrease in yaw acceleration.
The use of horizontal thrust which can produce
yawing moments 1s a highly effective method

of increasing yavw maneuverability.

Yaw acceleratlon capabllity depends on the
relative instantaneous wind directlion. For the
configurations analyzed, with no stabilizing

tall fins, the aerodynamic moment at an anrle

of yaw 1s high, becoming maxinum at 45 degrees,

and 1s a critical maneuverability condition for

design.,
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6.

COIICLUSIONIS (Cont'd)

(11)

(12)

T"he inverse relationship with static-1ift/grosg-
welight ratio for pitch and roll acceleration, stated
in corclusions (3) and (G), hold only for vehicles
Jdesigned with thrusters limited in capacity con-
sistent with their normal operation at high static-
1ift/groes-weight ratios. Vehicles with thrusters
slzed for overation at moderate to low static-1ift/
gross-wvelight ratio (not greater than 0.65) will
have greater, not less, pitch and roll maneuver-
ab1lity when operating licht (and thus at a higher
static-1ift/gross-wveizht ratio),

The results herein can be useful 1n assessing the
control resnonse of a '"real" hybrid LTA vehicle

while still in the preliminary-design stage,
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‘ 9. ABBRIVIATICHS AND 3SYMBOLS

E Symbols Dofinition Units ;

: a acceleration, linear ft./sec.2 f

! C.3. cznter of buoyancy ;

i C.G. center of gravity '3

i CD drag coefficient, based on ¥2/3

| | Cy, 1ift coefficient, based on ¥2/3 -

' Cr moment coefficient, based on ¥ i

: { center-line

é cu. ft. cublic feet ft.3

% D drag force 1b.

; D diameter ft. ;
deg. degrees deg. %
€., for example _§

' r Fahrenheit (temperature) ?

. ; fps feet per second ft./sec.
| | | ft. feet ft,
g f.r. fineness ratio (length/diameter) i
% g acceleration of gravity ft./sec.? ;-
E | G.W. gross weight 1b. ;}
.E ! Hoi height of vehicle center of ft. =
. gravity (defined in Fig. &) -

H height of main roters ft. »
RTR (defined in Fig, &) ‘ :{
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‘ 9. ABBREVIATIONS ANMD SYiiB0LS (Cont'd)
Symbols Definition Units
Ix mass moment of inertia about
1 X, Y and 2 axes (roll, pitch, clug ft.2
b and yaw, respectively)
- g
é kl coefficient of additional apparent
; mass for longitudinal motion
| k, coefficient of additional apparent
‘ mass for transverse motion
| kt. knots (speed) kt.
; L 1ift 1b.
! L rolling moment 1b.-ft. j
} L overall length ft. g
3 Ly aerodynamic body lift 1lb. é
% LB buoyant 1lift (synonymous with LS) 1b. i
1lv. pounds 1b. ?
Lg static 1lift (synonymous with LB) 1b. %
LTA lighter than air %
i mass slugs i
‘ M pitching moment lb.~ft. :
| min. minutes min. z
min, minimum é
‘f N yawing moment 1b.~ft. ;
,} P rolling velocity rad./sec. %
fj | psf pounds per square foot lb./ft.2 2
A ;
g i
if -62- §
| ;
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- 9. ABIREIVIATICNS ALD 3YMBOLS {Cont'd)

Symbols Definition tnits 3
qQ dynamic prescure = 1/2 v2 lb./ft.2
q pitching velocity rad./sec.
r yaw velocity rad./sec. ;
R radius ft. %_
rad radians rad. ;
ref. reference %
S area ft.2
S.L. sea level
sec. secondc Sec.
T thrust 1b.
t time sec.
Ty
X, Y, 2 components of rotor 1b.
! Ty thrust (defined in Fig. &)
Tz
TP X component of horizontal 1b.
X thrusters (defined in Fig. &)
Tq Y component of horizontal 1b.
Y thrusters (defined in Fig. 4)
U.L, useful load 1b,
v flight path velocity ft./sec.
or knots
C ' v sideslip velocity ft./sec,
: ¥ volume ft.2

gross welight 1b.

- - . .
‘ .y T L .
L A e 4 e =P




MR ol

E 9.  ABBREVIATIONS AND SYMBOLS (Cont'd)
Symbols Definition Units
X direction of longitudinal axis
X displacement in X direction ft.
5 xRTR rotor longitudinal spacing ft.
f (defined in Fig. :
[ i Y direction of lateral axis £
3 y displacement in Y direction ft.
l (lateral)
|
? YRTR rotor lateral spacing ft.
? (defined in Fig. 4)
% a angular acceleration rad./sec.2
|
| ﬁ? sideslip angle deg.
§ AN differential ‘
P alr density slugs/ft.3
Oe average weight of aerostat 1b./£t.2
envelope
b roll angle rad
u; yaw angle rad
(M) first time derivative of ( ) sec.”t
_ ) second time derivative of ( ) sec. 2
§
' t
i"
o
[T
" :
Egi ;
A ;
? : '
f | -6i4-
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R e L o TUE M B3 A o R L

D Hoen * 37,0 r.
XRTR - 295.25 FT,
?, . 9,608 18, .
DEIIGN NO :
97-1 BTl * 13360 18,
. * 13,378 SIUGS
x' o 146,614,000 SL. n.’
YELOCITY (V) XT. 0 15 25 35
DYNANIC PRESS. () P.S.P, ) P6h 2.12 &.16
DRAG (D) L3, [ f.121 3,247 6,103
D{Hgeq?
ar - ?ﬂm)' LB, o 70 202 382
xﬂl!l RTR’
2{at ~oF MWXpeo)
= Dux — Prrpe RTRTRAD, L0546 0543 L0538 .0531
SEC
Ty, o ANy 1) 18, 38,432 38,632 38,432 38,432
Luax I wax
0 LB, (& Ty v ) - LB, 38,432 37,011 35,185 32,329
X MAX
(52 7, ) -D it 2.88 2.80 2.64 u
e ) ¢ PX XAX SEC2 . 2.43
- ]
T of (4T e ) 13,
4 X P
Ty ax X HAX
LB, (v T, ¢+ 7, ) -D 1B,
P wax
(b1, 2, -D
. X P
o Pl o,
? * (b T o1 ) La,
? b S
Xuax X MAX
LB, 7y * r,x) -D LB.
b2y o1, ) -D
¥ e I8 sﬂﬁzc
r (b2, ¢, ) 1B,
Py '1 AN S U
AR (d1,¢12, ) D 13,
Py wax
53, ¢ ) -D
. I ) J EZ_!
o -L NAX SEC
_7‘)_
4
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PENE

L
£
P
P
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F———

— ’IYj
o o Hgep . 49.0 rr
—— ——
foR - To r.
7y * 10,470 La.
DESIGN NO =%y '
C-76/.291 RTR @hlay = 14,778 LB.
’ » = 0,322 SLUGS s
Iy = $2,083,000 SL. I?,
veLociry (v) KT. 0 15 25 35
DYNANIC PRESS. (q) P.S.P. [ .768 2.12 4.16
DRAC (D) LB. 1,095 3,171 5,961
' ~ D{Hpme)
art - T(Y_ETR LB, o 353 1,022 1,922
zmn BTR » .
2T ~ X omg)
~ Zwax  Prap RTR)RAD, L0425 L0415 .0395 .0370
SEC :
T o (& Tt ) La. 47,790 47,790 47,790 47,790
Tyax X
5,910 LB, (5 Ty 'tpx) A - 8. 47,790 46,695 44,619 41,829
TEREENE -D Ja 453 £.52 .32 4.05
‘X X PA KAX sec?
n
fP o (b ’x . 'rP ) 1. 66,482 66,480 66,489 66,480
Teax 1w
24,600 1B, (» Ty * Tp ) - L8. 66,480 65,385 63,209 60,519
X MNAX .
(b1, e2 ) -0D
. X :x MAX Satzc"’ §.44 6.33 6.13 s.86
o, o (BIy07,) L2, 140,400 140,400 140,400 140,400
Xuax X RAX N
98,520 L3, (& ’x L rp ) -D L, 140,400 139,305 137,229 134,435
X WAX
(b2, 01, ) -D
. X :; NAX 5‘:‘7 13.60 13.50 13.29 13,02
1, - b7y *2,) 1518 238,920 238,920 238,920 238,920
Loy L
197,00 L3, b1y o7 ) -D L». 238,920 237,828 235,749 232,959
I MAX
L, W "1) wx K., 23.14 23.04 22.84 22.87
8EC
»
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“" T oIvd
®X_ D Kern . 4.0 P
_—_—
IR - 76 Fr.
T - 2,763 LB,
DEIIGN NO = .
. X
€-76/.¢09 RTR T OThhux - 3,300 Ls.
» - 5 ALY SLUGS
1' ® 29,300,000 L, r'r.’
YELOCITY (V) KT. [} 158 25 35
DYNAMIC PRESS. (Q) P.S.P, 0 <764 2,12 4.16
DRAZ (D) LB. [¢] 957 2,772 5,210
D{H n )
T(Y‘L)'H R L8, 0 109 894 1,680
Isr1u AR '
2(aT o ¢ fy
- Suax Zrpe  RIR Mp-g .0202 .018g L0156 00s
SEC
= —-—
Tp, M (e Tp e7,) 18, 12,612 12,612 12,612 12,612
Luax I wx
1,560 LB, (& Ty * T ) - D 1B, 12,612 11,655 9,840 7,402
X MAX
(M7, *T ) - D i )
.‘.- X EL MAX '.;1:(:2 2.17 2.00 1,92 1,272
»
T o (bT et ) LB. 17,552 17,952 17,5%2 17,58%2
Pry P e
AX '
6,500 1B (4 Y * T ) - D LB. 17,552 16,595 14,780 12,342
I NMAX
(8 T, T, ) -D .
xe —— X Pxmr By 3.02 2.85 2.5 2.12
3
L = (8 7,07 ) L3, 37,052 37,052 37,052 37,052
Tuax 1
26,000 1B, (¥ Ty +7,) -D LB. 37,082 36,095 34,280 31,842
X MAX
(b2 T ) -0
.. X P El-‘, 6.370 6.205 5,893 5.474
x P S&C
L - b2 2 ) 18, 63,052 63,052 €3,052 63,052
Py ) 4 | g
52,000 L8, [ T ) -D LB, 63,052 62,095 60,230 57,842
X NAX
dae e ) e D
. X P E-! 10.84 10,87 10.38 9.94
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ASCEIZRATION IN PITCH AND IANOITUDINAL ZRANSIATION
—~ -Irq
X D Hyen - 49.0 rr.
— ———
iz " 76 Fr.
T . 759 LB.
’ . ) Loax
DESIGN NO. Py
RTR ot hur - 1,071 3.
c-16/.85 » - 4,606 SLUS
1y e 20,405,000 SL. P73
YELOCITY (V) KT. 0 15 25 15
DIANIC PRZSS. (q) P.S.P, 0 764 2.12 b.16
DRAG (D) L3. 0 865 2505 4709
: t D{Hpewm)
oty * iy L3, 0 279 808 1518
TRIN RTR
2(ar -aT (X o) '
2 RIR .0080 .0059 .0020 —_
- Dy TRIM MD-&
g L3 SEC
T (b2, 01, ) 13, 3,464 3,464 3,464 3,464
Py S L . . .
428 1B, (b1, fpx) x D 3,464 2,599 959 -1245
(b1, *¢7,) -D i .
e X Pr'yax spc? 745 ,859 .206 -.268
n
T (M T, ) 1a. 4,821 4,821 4,821 4,821
P"IAX 5T
1,785 LB, (brp*2,) - =-D 1B. 4,82! 3,956 2,316 1z
I WAX
(vt ¢ ) .D. .
X X NAL SE 1,038 . 851 .498 .024
2
L8 - (& Tt Tp) L. 10,176 10,176 10,176 10,176
X
Xuax
7,140 LD, (yT,*1 ) ~D L3, 10,176 LA ' 7 47
] X 'l MAX 9 7,671 s,
(b2 o1 ) -D
‘e Pyt wax o, 2,190 2.004 1,651 1,117
= 38¢
1 - (L] Tx* % ) 18, 17,316 17,316 17,316 17,316
Xeax I MAX . .
14,280 LB, (» L r, ) -D Ls. 17,316 16,45! 14,811 12,607
L NAX
Ne o -D
‘_L x ’l)lu ” SE;-C, 3.727 254 3.188 2.714
- .
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Bk bt At S a2 - o Rl ek ttas i saakihii bode.4 :

Y D Keor - 43.0 IPT
-
!'RTR - 130 rr
: T, * 10,470 1B 3
DESIGN NO, X _.j P £
8-130/.29) RTR Oty 14,778 LB, . S .
- - 10,322 SLUGS
1, e 66,570,000 5L, rn.2 3
YELOGITY (V) KT. 0 1% 25 35 7
DYNAMIC PRESS. (q) P.S.P. a 764 2.12 4,16 =
DRAG (D) _ L3, 0 1,18 3,232 6,075 7
D{Hppn) %
R ]
a1 - L2, 0 210 609 1,145
Zern L) 3
2(AT T X ono)
e Loax  lerpe  RIR RADy 577 L0565 L0553 L0532
Y I, SEC o
T’x. MR rpx) . 18, 47,790 47,190 47,790 47,750 E
X y .
5,910 1B, (4 Tyt Tp) -D 18, 47,790 46,674 44,558 41,718 B
FELTS A
(h1, +1,) -D Ja il : :
i R ) 4.63 4.52 4.32 4.04
n
2, o BT eT) 13, 66,480 66,480 66,480 66,430 .
x!u I FAX ,' .
24,600 1B. (b2 o1 ) -D Ls, 66,480 65,364 63,243 60,405 :
X MAX 4
(VT T -D .
m X :)2 NAX snﬂc , 6,44 6.33 €.13 5.85 .
2, o (eTpeTy,) L. 238,920 238,920 238,92¢ 238,920 iy
Xyax I :
197,040 LB. (1, ¢ r,x) ax " P L3, 238,920 237,804 235,688 232,848
[ A I S - D . 2
. :x EAX 4;1!27 23.15 23.04 22.85 22.56
- (y1, e2, ) 18, a
,Tx,‘,x I P omax
L3, (b, o1 ) - D LB, k
. I Pr’omax
X the ¢ ) -D 5.
R . i
i i = 13.24]
r
(-
r -
; ;
¢
[
) : :
y 4
: i
7.
i
b -77-
. |

ALy WA o s

i
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ACCELERATION IN PIXCH AMD IONGITUOINAL TR LATION -
. TN -1y
L ' .
: o b Varn - 4,0 rr. -
———— : . .
an - 130 r. p
. . 7, - 2,763 1B,
: DESIGN MO, Pz
; 8-130/.609 RTR Oy - 3,90 1, -
{ [ - 5,817  SLUTS ' 3
: L, = 33,498,000 SL. rr.? ¢
YELOCITY (V) xT. 0 13 25 35 -
DINAMIC PRESS. {(q) P.§.P. 0 7645 2.12 4.16 3
: ; PRAC (D) L. 0 978 2,832 5,324 3
t ’ o, . DTr‘mT(HR ) LB 0 184 534 1,003 X
1 ) 2 RTR ) .
' 2{aT o7 Y (x ) ;
z z /TR 3
Y R FA.Q’ ,0303 .0288 0201 0225 :
| S R A SEC :
. 4 (3 1) LB. 12,612 12,612 12,612 2,612 B
Toax 1w B
1,560 LB, b2y ¢2,) - D 18, 12,612 t1,634 9,780 7,289 . .
X MAX ‘ e
($7,¢7,) -D & } =
e I Py Tyax szc? 2.1 2.00 1.6et 1.253 K -
. » «
L 1 1y + 1) Ls. 17,552 17,552 17,552 17,552 3
Xyax X MAX 2
s
6,500 LB, by + 1) -D LB, 17,552 16,574 14,720 12,228 :
X MAX L.
AT, +1,) =~D ) 4
Y X Py yar %z 3.02 2.85 2.53 2.10 P,
n >
T L (& Ty* 1Y ) LB, 63,052 63,052 63,052 63,052 &
b Ny I NMAX o 2
$2,000 L3, (& LI ) - D LB, 63,052 62,074 60,220 £7,728
] X MAX .
: (b1 o+ 2 ) -D * g
I P
.. x| pAY —? 1c.83 10.67 10,35 9.92 i
) x= a 32 ‘, -
1 Y o (b et ) IR -
- P ax TP o ¥
\ ’ -
- b 1B, (L 3% S ) -D 12, %
! : X 1’1 MAX o
r B
. v, o1 ) - D .
! .. ) S | EJ.T 3
<. = .x AL 5EC .
}
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Ceang

(OLTORINAL TRANG LY LICN
-’x‘ D n 4% .0 re.
- . 130 7T,
- 759 13,
DES JGN NO, - 1,071 .}
8130/.85% '
- - 4,64¢  SLUSS
3, ® 26,687,000 SL. Pr.2
YELUSITY (V) KT. 0 15 _ 25 35 ]
DYNAYIC PRZIZS. (Q) P.S.P. [*] 768 2.12 &.16
DRAG (D) LE. 087 2,569 4,829
DiHg o)
a? - T(Y‘I‘ETR LS., 0 Ty Lre 13
ZTRIH RTR — ]
2(nT ~T Y (XM ps
pe o _‘wax__ frpme’ BTR [RAD, L0113 ,0095 .005% 0017
Y iy SEC b
== —_——— - E
T, o (b ,1 1 ) LB, 3,464 3,45¢ 3,504 J,d64
Xyax X MAX
426 LB, (b T, «1,) -D j5: 3,464 2,577 835 1,308
X Byl g '
— - —
T, + T, ) -2 jady ]
- x Py'yax sEc? 748 557 193 -.295
| 3
TPX e (& Ty * T?x) ax 18. 4,82 4,821 4,821 a,c2i
EAX '
1,789 LB, (y T, + 1, ) -D 13, 4,821 3,934 < .
X Fr' wuar ) ' 2,252 8
(1. + 2, ) =D
.. P } 4 ¥ : )
o x “X ML sei? b.u42 -850 €7 -.002
T - (4 og* 7y ) L®, 17,316 17,316 17,31y 17,316
? x° 'p )
Liax X PAX
14,280 1B, (» T, T, ) -D i3, 17.316 16,429 14,747 12,487
' L Py pax ' '
(v 2y + 5, ) -D 3743 s
.. .74 551 A .
Yo _x RAX Ste 55 3.188 2.599
L — . S I -
T - (v, +72,) 18.
X P - :
. PR TS ;
18, (e, o7 ) - 13,
I Promax
143 !‘x . ‘EP ) - U
X= ___.L,MX_.__ P




aX o Horn - 49.0 rr.
—_——
XerR - 184 FT.
T - 10,470 LB.
B Luax
DESION NoO. X Py
A-184/.291 RTR W)y = 14,778 LB,
n - 10,322 SLOGS
IY = 87,045,000 SL, ?r.z
VELLCITY (V) KT, 0 15 25 35
DYNANIC PRESS. (qQ) F.S.P. ¢} .764 2.12 4.16
DRAG (D) LB, 0 1,127 3,264 6,135
D{H
oty }.&&ﬂ; 1B, ° 150 435 817
TRIN RIR
2(AT ~or X, 0g)
x - z Z7rme  RIR 5&”-5 L0E25 .0E48 .0€0¢ .0590
SBC
Tp a4 (v e, LB, 47,790 47,790 47,790 47,790
Tyax X MAX
5,910 LB. (% Ty * 1 ) - D 1B. 47,790 46,663 44,526 41,655
X MAX
(3 Tp *7, ) -D .""_u.z 4.63 4,52 4.31 4.04
Xe X MAX SEC
n
I T - (& Ty * 1 ) LB. 66,450 66,450 66,450 66,450
Xyax X MAX
24 ,600LB, (& Ty * Tp.) -D L8, 6,480 65,353 63,216 £0,345%
X MAX
(b1, + 2, ) - D
Xe x Fruax ?Eeﬁ 6.44 6.33 .12 5.65
[ 3
T - (& Te* %) L». 238,920 238,920 238,920 238,920
s X wax
197,040LB. (a1, +T ) -D LB, 238,920 237,793 235,655 232,785
%y oz
(dvr, * 1. ) -D
ORI S TN L, 23.15 23.04 22 83 22.55
. a SEC
T - (b2, »1 ) LB,
' Pru * n
B, (2, ¢T ) -D 1s,
I Pr o
, (ho e ) - D
; CRLNL M
Y s
-8n.
Summ— pre— 1R TR "

Ul oG PR Y=L X B S IO WE O WO W Ly

S ALY, dan. ket it Sy b D i 445
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ACCELZRA(ION 1M PITOH AND JGNGITURINAK TRAN LATIGN

e’

.
. 200 ng'ﬂ\’ 24 - 49.0 PT.
Y S W i JU T "1
ap ). CO 2,7 R . s FT.
X T
? . 2,763 LB, X
= - I '
DESIGN NO, . _‘T’ Py
A-184/.609 ~ YRIR el - 3,900 LB.
n - 5,817 SLUGS
I1 = 40,575,000 SL. rr.z
YELOCITY (V) KT, ] 15 25 35
DYNAMIC PRESS. (q) P.5.P. 0 +764 2.12 4.16 %
DRAS  (Q) LB, 0 990 2,867 £,389 5
- CICI. z
oty - mﬂl&r s, ° 132 382 718 b .
TRIN “RIR! o
2(aT -~ ) N¢ PR PN .
z 2 RTR
Syuax IRIM L_..u, .0350 .0338 L031L .028¢
™ = SEC J
P EENTESCEN) B, | 12,602 12,612 12,612 12,612 ;
Pxﬁuﬂ x ) g ' 1
¥
1,560 LB, {4 ™t ) -D LB, 12,612 1,112 9,295 6,773 5
X MAX :
61, +7 ) -D i
. : 2.7 1.921 1.598 1.184
= 1 "x KAX sgc?
- |
L o (hTy e L ) 18, 17,552 17,552 17,552 17,552
X MAX 4
6,800 1B, (8 7y ¢ T ) -D 1B, 17,852 16,562 14,685 12,143
X OMAX )
(8 T, + 7 - D
v X P wax By 3.02 2.85 2.52 2.09 i
a
T - (b Tye 1, ) L», 63,052 63,052 63,082 63,052
Xyax X RAX 3
£2,000 13, dTp 1, ) -D iB. 63,052 62,062 €0,185% 57,663
I MAX
(v, e T, ) -D .
Yo 1 :! MAL 5?’ 10.84 10.67 10.35 .91 :
? - (Ul SN S La.
s P
LB, (V2 e T ) D 1.
I Py oux
(Ve e ) D
e X ) 4
o iL,nm fﬁv

_f]-

Yy
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Y. T T Yy T W S aeT, T T, Y

bd 49.0 r.

-aX D Fr1R
—— —— —
Xem - 184 rr.
T . 759 L3.
DESIGN NO nax
A 184/.85 brgyuy * ,om  1a.
a . 4,646 SLUGS
I » 30,959,000 SL. P7.2
YELOCITY (V) KT. 0 15 25 Js
DYNAMIC PRESS. (q) P.S.P. 0 . 764 2.12 L.16
DRAG (D) LB, [4 838 2,601 4,889
D{Hopp)
ar . ITYMBT Ly, 0 120 345 651
Zea1n a1R
2T &7 M Xgeq)
~ yax  irrpe  RTR ﬂﬁ%, .0127 0013 L0086 .0050
SE
T o (4T 12 ); 18, 3,464 3,464 3,464 3,464
Pt Pyt ax ' !
428 LB. (4 Ty *Tp ) - D LB, 3,464 2,566 863 -1,42%
X MAX
TERENE -D Jull
e X Py 'y ax ) .746 552 .186 -.307
»n
,Px o (& 1-* + rPx) yax 1B, 4,821 4,821 4,821 4,821
KAX
1,785 LB, (b T * T ) -D 18, 4,821 3,923 2,220 -68
X MAX
(b1, + T, ) -D
.. X P - s . . . -
e .Lm & 1,038 B44 478 ois
L 4 (8 T,+ 7, ) 17,216 17,316 17,318 17,316
Py P ax '
14,280 LB. (6 7y ¢ 1y ) -D L8, 17,316 16,418 14,71% 12,427
X MAX
(v, 01, ) =D
.. 4 | LA
e -x X 527 3,727 3,534 3,167 2,678
P b —
T - 2, ¢2 ) 1B,
P rax X Pr’ oax
13. (b, 7 ) -D L3,
I Py’ omax
14 2‘ . :P ) =D
bt X _MAX E"‘!
a SBC




CPLZRATION N c NG N

4
8
.
.
M
]
A
h
:
2
'
N
om el X Ve A ':-nmi)?..}“hlnh_“ﬁ

/oo, Hazr - 45.0 FI. i
—— — 4 . “
T ,7 CGQ T XRTR - 76 FT. i
~ X'z
. 4. T . %9 LB, . :
DESIGN 5O SO ’ 3
. : Xux :
N NO, X i
€-76/.65-.€09 Wl = 3,900 18. :
] - 4,646 SLUGS E)
1y * 20,405,000 L. pe.2 ¢
[ vELecITY (V) rT. 0 15 25 1s F
DYNAYIC PRESS. (q) P.S.P. [ .764 2.12 L.16 i
DRAC (D) LB. 0 865 2,505 4,709 !
D{¥igmg) :
- RIR .
ot - LB, [ 279 808 1,518
ZrRin__ Upoy) ' !
261, o (X o) !
2y Zopnye’ RTRVIR .027 .0210 L0177 3
- VAX I’IRrL 7eg3 0294 0270 23 }
Y - ‘
—_— e s i e e t- - ™ - —
",.x s hT, e rl.‘l . LN, a, o LILETS 4, 4,0 .
WAX : ;
1,560 13. (b Ty +Tp ) vAX -0 LB. 4,596 3,731 2,091 113 B
X W :
BTy +Tp ) =D e .989 .803 .40 -.024 :
x» X LAX SEC .
n ‘
T s (W T ¢ T, ) L8, 9,536 9,536 9,536 9,536 :
P X P i
Yooy X AX 3
v N
1
6,500 L3. (47 ¢ Tp ) -D LD, 9,536 8,671 7,031 4,827
v X FAX
( ) T
T+ - D
. X Pe'y EI‘: 2.05) 1.867 1,513 1,039
i X A SEC
Tp ” (8 Tt T, ) Ln. 29,036 29,036 29,036 29,036
X,. YXOVAX
L AX
—
26,000 LB, (b Ty ¢ 7p ) -0 La, 29,036 28,17 26,531 24,327
X MAX ;
(b T, ¢ T, ) - D s
.. I | SR < 6.250 6.064 5,711 5,236
e ax LAX ggéz
——— U ———— e —
T - (b1p *Tp ) LB, £5,036 55,036 55,036 55,036
Xy ax X MAX
52,000 LB, (b Ty * ‘I‘P ) -D LB, 55,036 54,171 2,531 50,327
X KAX
(G, + 1, ) -2
.. P { P 22;’ 11,846 1i.660 11,307 1c.832 -
KAX
. : x~ .1 SEC [
r.
Ve N f
. 4
P i
.o
: . ;
' ¢
. . 1
Vo 1
\ ; 4 ;
: -83- i
[
s il
» 1
.' !

‘ [P
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5
k.
IC8
Kgor . 4s.0 P, : 3
ey
Xp1n - 130 Fr. ‘
T N 759 LB. . .
=~ 1 Xuax . P
DESIGN NO. X _J o) . 15 s ?
8-130/.85-.609 RTR 27max 3,900 . : . K,
* ) '
- L] 4,646 SLUGS : -
1, s 24,687,000 SL. PT.2 .
YELOCITY (V) KT, 0 15 25 35 -
DYNAMIC PRESS. (q) P.S.P. 0 764 2.12 4,16 N
DRAS (D) LD. ° 1Y 2,569 4,829 '
D{H =aT . -
AT - m'my LB, 0 167 484 910 N
lerIn o T
2{aT -~ X )
z Zaone CRTR/IR E:
- KAX  *TRDV :‘A'E‘f L0411 .0393 .0360 L0345 v
Ty 3EC
T,x T (4 T ¢ 7 ) Eax Ln, 4,596 4,596 4,59 4,596 -
FAX X )
1,560 LB, (%1 ¢ Tp) -D LB. 4,595 3,709 2,027 -233
X KAX P
*
(4 7y »7p ) -D ﬂ’—z .983 .798 .436 -.050 -
xe X FAX . SEC <@
a
! - — -
T, o (T T . La. 9,536 9,536 9,536 9,536 ¢ .
Xpax X Hax 5
6,n00 1N, (b 1g 70 -0 L, LR T) R4y 6,907 4,707 ';_
X hAX l
—_——— = I A = —— T 4
b1, +7,) -D ) !
e X Py lway %é‘z 2,053 1.862 1.50 1.0 8
[ g -
By
T . (b Ty* T, ) LB. 29,036 29,016 29,036 29,036 ke
P x* e L ' , ) : 4
Xoax X' vAx 1
1
26,000 LB, (b7y ¢1,) -0 L, 29,036 28,159 26,467 24,207 {
X bax s
' (32, ¢+ 7T -D ’
SRS N 6.25 6.06 5.70 5.21
- X i see?
) 1, 4 (T, L. 55,036 5,036 55,036 55,036 i
Xy ax X KAX . .
52,000 LB, (8 14 ¢ L } -D LB. 55,036 54,149 52,467 50,207 a
- 5 X FAX -
; (b 1, ¢ 1, ) D g
. e X P’ yax EL., 11,08 11,68 1,29 19.81 :
: - SEC L
; o :
s :
i i
< |‘.
i
v o ’
T
. -84~ 4
s
* i

1 !
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ACCPLYRATION LN PITCH AND LONQITUDINAL TRANILATLIEN
A Ivd
/ - N
o&r T - - 49,0 PT.
L Ty e ) "R ¥
\\ o g C0 1 S, . 184 PT. 3
. X2 5
- T - 759 1B, . -
, =~ 1 Suax
DESION NO, 1 ] X ) 8
- > -
A-184/.85-.609 RTR Ty ax 3,900 ‘
] - 4,646  SLUGS -
1y = 30,959,000 SL. PT 3
™
YELOCITY (V) T, o 15 25 35 %
DYNAMIC PRESS. (qQ) P.S.P. [} L7646 2.12 L.16 R\
DRAS (D) LB, " 898 2,601 4,289 )
BlH_ .7 ¥
S . RIR L8, ) 120 LY 681 .
TRIN ‘ATR
2(aT -~ Y Xgaad g- .
b o fwax  frpmv | RTRY)RaDy .046 .045 .042 .039 :
Y SEC !
T, ] (BT e7 ) L, 4,596 4,596 4,596 4,596
Tyax X HAX
1,560 LB 41y ¢ 1) -D Ls, 4,596 3,698 1,995 -293 "
X WAX -
(8 Ty T, ) -D .99 .80 42 -.083 R
Tu I Prwax scz? ;
] a
Tp o (b Ty ¢+ Tp) Ls. 9,536 9,536 9,536 9,536
4 Xy ax X vAx
- b
6,500 L3. (8 Ty + 75 ) -D LB, 9,538 8,638 6,935 4,647 2
X MAX :
4 T, 01, ) D 1 i
. X = . 3
E - :uu B 2.05 1.86 149 1,00 .
F Tp | L] Tx* ) LB, 29,036 29,036 29,036 29,036
Ly ax XA -
3 2£,000 LB. (8 Tp+71,) -D . 29,036 28,138 26,435 24,147 )
1 X HAX .
1 v 1, *+7,) - D -
' i " X P , ) 6.2% 6.06 5,70 5.20 -
.3 xe -X FAX 5LC ;
4 1, 4 (hTpen £5,036 58,036 85,036 55,036 3
. Xy ax X MAX
8 52,000 L3, (b 7, ¢ Tp -0 L8, 55,036 S4,138 52,43% 80,147 3
. X PAX
¢ (b, ¢, ) -D .
ro . } S . ; 10,79 it
' v 'y’ wax 5-::-7 1.8y 1,68 .29 10 i
’. i ] k7
E |, ‘ "
. by
-
i 3
SRR
. |
v e A
2 ]
P &
 ; i -
B 1 S
ot . e,
e :
S -85- A
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Egquations of lotion for Iaiteral Translation and Roll.

Moximum roll acceleration is produced when Ty, TRY

and TZ arc co-ordinated to producec pure roll {(zero lateral

(X )

trunslation acceleration). Thercfore, for y = 0,

$Y = 0.
sin ¢ = D-4ry -2 T,
max Ymax
L

Z

If ¢ is calculated to be negative,the vehicle
can be trimmed at the particular lateral velocity in level
, attitude and need not be banked. Therefore, in such a case &
is made equal to zero.

érf.Y = 0.
l e
ATz, . = Dl oLy Hog-ini)sing
2Yrtr
P = 2Yr'trATZ 'DHrtr-Sln¢ (LBHrtr-'mcg)
max
Ix

Maximum lateral linear acceleration is produced when Ty. TR '

Y

and TZ are coordinated to produce pure linear motion (zero roll
acceleration). Therefore, for p = 0,

<y = o.

vl -

max Ymax (1)
kT,
ir'] = O L)
Y= O _2AT. Y -H  (D+my)
sin ¢> - “max rir_ rir (2)
L H ~w/H
: B "rir cg
i Combining (1) and (2) and simplifying:
-* o BT (2AT, Y  -DH_ W(HM_ =L H_. )(D-4T, =-2T )
; NEE 2 Zmax rtr rt;h cg B rtr Ymax Rymax
/ Y G N R A
i Z rtr "B'riv ‘cg
;
H
$ 6T
h
hid

“
TSI PUTOUOe 5 PO ICIRITY SR I1 7 (R0t~ S S SURTINY o, ¥ 2. WP NPT R, 1T | LIS S AM‘M

e

PR TR,

“er*éd T RSO SO S
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DESIGN NO,

cy = (1p lrgrd- (W Hog) = 5,214,230 £1. 1b.
€2 * 2 Ypar (ATzp,,) = 4.817,628 £2. 1v.

Cj.uTZ Hpeer * €4

ACCEL ATION IN LATTCRAL TRANSLATION AND ROLL

c-74/.201

Y = 99 DEG.
- « L9,0 It
Keg - k4.5 ft.
—~ Tygax = 10:470 1.
-nY BTzh,c - 14778 1b.
Ty ® = 12,282 alugs
L I, Ul 460,000 plug ft.2
1, = 49,260 1.
LB = 80,900 1b.
v = 277,940 1b.
Yeer - 163 £t

=14,869,790 £t. 1b.

= 750 1b.

i} n‘miﬁ

i

PR

DRPRA PP N

RPN

Y = Yelocity (Sidewards) ! k_t_.- ‘ (4] .15 _Ei 35
(D = Urag 1b. ‘}‘o €,u88 18,790 ! 35,320
Lgl D - bTYnu - ZTRYuu lv. ! ~-k3,380 } -236,892 ~24,590 | ~8,060
| *sind = &i - 0 0 0 i o
Z L M '
) T '
€ LI { ) 1,000 0 317.9 " 920. 1,730.
2 B frer £1. 1b. I 7 | 2e730-7 _i
g “c, - g 106 b.616 4.500 L3, YT
3 2 2 4. 1b. 5 } 3.897 3,087 ;
. g~ = ¢, 8in I ' !
) - )__.I’__¢' rad. 1084 1012 .v876 L0694 ’
X sec. | '
e, « b, (53) - ¢y (gy) 1010 ,| 117-55 07.90 89.608 } 65.028 !
£t. 1v | 1'
e 4 T T
Y » ;5'(;") B—E 6.436 5.908 4,907 }. 3. 561 ]
3 Bec. ! i
— 1 — B ————

¢ If singd < 0, make it = O,

s I I e T,

Negative oin ¢

-8?—.

indicatez that the lateral control
force ccauponents avallable are more than gsufficlent to counteract the lateral
drag at a roll angle (¢ ) = 0,

R SR A S G



.ACCBLERATION IN LATERAL TRANSLATION AND ROLL

\/ » 90 DEG,
| K. = 49.0 1t
j % Heg -~ 8.9 gt 3
- TYuax = 2:763  1b. -
~ -nY : . 3
ZATZ -~ o ATz.u - .3.900 lb~ "
TRy n s 7,777  eluge 3
~G I *20,025,000 slug £t.8 :
Ty « 13,000 b, 3
Ly = 80,900  1b.
DESIGN NOy <C£-76/.A09 W = 132,900 1lb. _
Yoop % 163 ft. 5
ey = (Ip Hotr)- (W M) #2.781.290 £8. 16, 4 . 250 1b. .
Cz - 2 rr" (ATzlu) .1|271.]F00 £t. 1b, Rx‘l# ' ,:..
€y = b Ty Hegr + 0y ®5,329,200 £¢, 1b, ‘ i
( \ » Valoclty (sidewards) | kt. 0 15 . 25 o 35 2
D = Drag 1b. 0 6,048 17,515 32,924 :
gl «D ~ l&TYnax - ﬂﬁrnu 1b. "12-552 -6,50“ L‘c963 l 20, 3?2
*gind = 81 - 0 0 L0955k +3918
¢ s 95 39
g =D ( ) 1,000 0 296. 858.2 1,613, b-
S |2 Frer rt. v, > 5 1013-3 F
) & . w"oc.-& 106 1.271 0,975 | 0.k -0.342 :
4 3 S £t. 1b. . )
3 - in
a.‘. [- 2 61 01 8 ¢ rad.
, 'p . ——— .06 .0U8 L007k - -
g" ) " Sec.? 35 7 07 0715 E:
1 1 B ,-
i &y “ b1y (gq) = ey (gy) | 4010 ol 10.102 | 6.8792 0.7681 -7.444
'{_‘ - . . ft. lb
i
S 0y - & £t. :
i - Y n--(c_p i 2.437 1,65%0 . .1853 -1.796
1 . 1.1
T
2
R

* If sing¢ < 0, make it = O, Negative sin¢ indicates that the lateral control force

Y : conponents avallable are more than sufficlent to counteract the lateral drag at

Lo t a roll angle (@ ) = 0. )

o } © Negative values indicate that ths vehicle cannot be trimmed in roll at this lateral

P i airspeséd within the roll control moments avalladle.
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_ACCELERATION TN LATERAL TRANSLATION AND ROLL

\.V ® 90 DEG.
irg-
\ x\ IX P Hrtx‘ - “9-0 I,
o Zf{Tz dog “ 1.8 ft.
e ~ “e = 75  lb.
&T y -———
ATzo.x o 1,071 ib.
n = 6,606 slugse
Iy »15,247,000 Blug ft.°
1, = 3,670 1.
Ly » 80,900 1b.
DESIGN NO, C-76/.85 W = 95,180 iv. %
Yeer = 163 re. 2
€y = (lg Hetr)- (W Heg) *2,555,436 ft. 1b. TR:,, = 750 1b. 3
C2 ® 2 Ypgr (ATzpa,) = 349,146 ft. 1b. a% ‘1!
: Cy % 4 Tz Mrer ¥ Oy =3,255,156 ft. 1b,
: | : T T s
E . A » Yelocity (sidewards) Tkt. ]1 0 15 25 | 35 :‘
: i D = D.oag | 1b. {0 5,956 1?_.3’*9 32,423 i
' B "D - Wy - TRy le |-k536 1,420 12,713 27,887 ]
4 v l "
; *gingy = By - .0 L0994 .8903 *1.953 :
: g . D (Hoyp) 1,000 | o0 291.8 845.2 1,588, 3
1 2 Frtr £t. 1b. 5 5807 1
[
; U € “c, - g 106 L3491 0573 - 4961 -1.240 ‘
& I =2 2 "2 e, 1b, ;
AR - ;
6 S 62 cl sin ¢ rad. 022 §
H - - . 9 -,0129 ‘.116 — ¢
[ : P . X EeCoi 7 ‘1
! — - - 3
g &y = bwy (gy) - ey (gy) |10 1.6577 | -.2810 -3.957 -8.897 !
: £t. 102 N
e 7 . : T T i
vy Y . 5‘-(-- £t .7709 r.-1.3069 -1.840 .r — i
P n {ey) Laec.z J L l i
oy
L‘; e *Sin & carnot exceed 1.0 ( @ = 90 degrees). At this lateral airopeed the ]
. 1 -vehicle ciunot be trimmed. §
rA ! Oegntive values indicate that the vehicle cannot be trimmed in roll at
P thls lateral airspeed within the roll control moments availablas,
PR
oS -
SH
L -89- '
8
.
b ‘
oy ’

4
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_ACCELERATION IN LATERAL TRANSLATION AND ROLL

\} * 90 DEG.
Koo = 37.0 ft.
?Rr Hcg - 3-?1'\L It
—Q—T Tx.u - 9'608 lbc
. -aY
28T, - OTypax = 130560 b,
Toy ] = 13,328 slugs
~& Iy ~ 47,433,00082ug £t.8
T2 = 45,200 1b.
Ly = 140,800 1b,
DESIGN NOy 97-1 L] ‘ = 321,400 1b,
Yl‘tx' = 166 fe.
ey = (Lp Hpep)- (W Hep)= 4,006,816 ft. 1d. T « 18,800 1b.
€2 * 2 Ypey (ATZmax) 4,501,920 ft. 1lb. Rxna#
€y = 4 Ty dpar * o4 =10,696,416 ft. 1b.
- S
rV = Veloclty (Sidewards) | xt. (4} 415 ___35“‘__»_;».“4-“)'5 B j
| D = Drag . | © 16,808 | Lk6,6L0 i 91.520 |
=D - br - 27 1b, -76,032 | -59,224 ~29,392 1 415,488 i
1 Ymax RY“* i ._~___1 ______ ——d
*ging = & - i o 0 ; 0 " ,0857
TS | | .
) ]
4 =D ( ) 1,000 l o 621.9 , 1,726 3,386
2 frer re. 1v. 3 i
ac,-g 106 L. 502 3.880 L 2.776 r1.116
€ 2 "2 ft. 1v.
. €4 = C, 8in ,
p - -l—r-L——¢ rad. L1203 .1037 L0741 . ~0206
X ﬁng t
2, =475 (gy) = oy (&) {4010 111.86 93.88 61.97 . 13.97
rt. 1% “L
Y &, £1. {
Y i ] 7.846 5.585 4,347 , .980
. °3) sec.? l J
——d e A bl

* If aing T 0, make it o O.

Negative sin ¢ indicates that the lateral coatrol

force coaponents avalladble are more than sufficient to counteract the lateral
dreg at 1 roll angle (¢ ] » O.
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_ACCBLERATION IN LATERAL TRANSLATION AND ROLL
- 49,0 e,
TRY - 14.8 rt.
e
- 759 1v,
- - 3,909 1b.
= 5,606 slursy
®15,247,000 slug £t.?
= 3,570 b,
»80,500 1v,
DESIGN NO, C-76/.85-,609 | =95,180 1b,
Yree o 163 Lt.
0y @ (L lpep)- (W Hog) @0 v, iy £8, 1D, g .« 150 1b.
€2 * 2 Ypor (ATgp,,) -=1,271,470 ft. 1b, Ynax
Tq = L Ty Hpey ¢ 0 ® 3,255,156 £, b,
Y = Yelocity xt. 0 15 25 | ~;5
D = Drag 1db. ¢ 5,556 _ 17,243 D32,123
€ =D - uTYnax - 2TRYnnx 1b. ~U536 1,420 12,713 27,887
'sin¢ - & - 0 L0994 o 1590;_ s £:9S-“—_M1
ity : ’
— -
€ =D ( ) 1,000 0 8 { IN
2 Mo 1000 291, 84,2 1,588,7
€ =c, - g 106 N 0o
3 2 2 ft. 1v. 1.271 <9796 262 | «3173
€. g, - 64 8in ' TT T
P - _J._r_l__._?; rad. 0834 476 -3
X sec.. . _—— )
Gb - b TZ (53) - 01 (51) 10‘0 > .
L9747 60 -2.6400 -7.57
_ £t. 1?2 219
e &, . - B
Lx - S =) . —~ 1.3834 7 -1.2278 | R
BecC. |

* 3in ¢ cannot exceed 1,0 (¢’- 90 degrees).

vehicle cannot be trimmed,

At this lateral airspeed the

@ Negative values indicate that the vehicle cannot be trirmad in roll at
this lateral airspesed within the roll control rmon=nts availabdle,
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ACCLLERATION IN YA

Vax. Available moment

= Y 4r (2TX +TP\ -D_cosy) + 2Xotpr Ty *2X7TR Ty
max mnax 2 m max
“recly - 2 KRl
M I
L= Zinax - 2trin
I Z
-0n-




rr A RN S i . LAl g Armerd B S i et s el SRS e 20 ~
g ACCYZI.BRATIOH I Yaw
i vy Tpax = 9699 1b.
. s~ 1
: ~Y_ =t ogre - Tepax 9608 1b.
: ' S '
; w / -'H'tf’ Xrn_ = 295,25 ft.
? T 166
t Ry i Tevr © fe.
: A - b .
5 T‘- 3= (Em= e - TRYmu 9.0 iv
! it
1 oy 1, 160,620,000 sl.ft.2
4
4 Ty S = 295.25  ft.
;
E DESIGN Nn. 97-1
;‘ Y = 0 pegress
/
: oy " Ppar Th 20 Ty, * Rpg Ty )= 1b,414,080 £2.20.
: RAX
?, Yelocity (V) k. 0 15 25 35
; | Drag (o} = | 1b. 0 1,121 3,247 6,103
| _Aero.Yawing Mom.(Mz,;,0) | ft.1b. LA I o 0
gy » DLonW 1v, 0 0 0 0
| By = Yppr 2 £40 ' fr.1o, | 0 93,043 269,501 506, 549
I8 e . ——_—— .- R S
' F1r g > 1 T - T and ° T = 2 (g ~Ty )
. ; 1 Trax, 1y Ynax R 1 ! Yoax
] g < T T - 4 and T = c
L 'S Moo, Y, 1 RYl
; T, 1b. 0 0 0 l 0
R S R
R ¢ 1v, 0 0 0 0
. ! R'Yi | '
: ——— il e — . . . i
. By " €y~ &y ~ 2K 4 Trx £1.1b, 14,414,080 1!4.321.037;1#,1%.579,13.907.531‘
i |
. ' i
: -2 Xpp T ' ;
; R !
‘.__—..__. ,,,,,,,,,, R-Y— !__.—_‘— - - - . -— - - 1 :
| M - M :
r = Zmax 7trin rad, 5
; 2 pec.? :
! ! '
€3 ° Yrer T -4z | '
. - Xaax ~ tris ' g
: 1 ;
z Ty T = - - - - {
! by (1v)
P r
1 7‘nu !
r; o P e ST S s T e e ——m——— - 'd‘ —_——— == - """—*"—"' .. . . ‘
’ . rad.
o ° ] .0898 .0892 ,0891 . 0866 "
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ACCELERATION IN YAW

Txmu - 759 1b.

Keer - 76 £t.

Yoo = 163 fe,

Try - 750 ib.
nex

1, . =17,645,000 sl.ft.?

LrR - 5 ‘fto‘

DESIGN NO. C-76/.85

Y = 0 Degress

oy * Mg Tx ¥ 2(x oae * *ma Try :)- 370,302 ft.1b.
max

veloclty (V) Kt. 0 15 25 35
Drag_(D) 1b. 0 __ 868 | zmoz_ | TRZIY T
Aerc.Yawing Mom.(Mz, .) £t.1b. 0 0 0 ; 0
D atn * | N o
g » 28nv 1b. 0 0 0 0
g = Ypp 2090 ft.1v, 0 70,579 195,763 | 384,109
I 1e P T T a Th * 2 (g -Ty )
P ; ‘1 2 YIHB.X' Yl Ynu an Rfl &y TYE&X
g, < T T - and T = 0
1= !mu. Y1 €1 P‘YI
'rYi : lb, 0 0 0 0
Ty T 1b. B 0
| "Ry l
F 1 o e A CUUURUNS NETTRIR IS
. By Tey - By - Vg Ty |fedbd. | 370,302 | 299,723 | 174,539 | -13,807 i
I -2 T I
| Xrr Ry, ! ;
M - M .
! r = Znax Ztrln rad. !
. , ! IZ aso.z l
: £, * Yrr Tp “Hy '
- | . Ynay tris
o T,
- S ’r__ 2 e e e e
I P T (1v) | Tp Ty r
“ ax Xnax  total g
ko - e = 2 I S S
B - Los «030 55945 0249 ] 0209 0138 .0032
; gec
Vs S SRS ORI £ 1.1 NS SIS SRR SRS N
; 1,785 .125 rad. .0375 0335 ,0264 0157
N ST sec. DUNUEENI I S L -
. 7,140 . 500 rad. .0869 .0829 0758 10652
= ) _____________744L . _|Bec, __‘J . e R *
{ 4 S S . .
i 14,280 1,000 rad | «1529 «1489 L1418 L1311 3
! L e mq@;__l, - *_@”L _______ S 7




LT S e AT A TR - v AT

~Txcax - 21763 1b.

Tygax = 21703 1b. ;o

Xppp " " ft. 3

Yoer ° 163 e,

T - 750 1b. "
RYpnx

1, «18,523,000 gl.ft.2

- 5 £t

DESAGN 10, C-76/.609

Y o~ 0 Dagreve :
TR S S z(xx_tr Tyoax * *TR TRY )- 1,328,214 ft.1b.
};mnmy (v) xt. Y ‘
|_Drag (D) v, 5.212
Aero.Yawing P«‘.om.(le ) ft,1v. 0 .
gy » P_Ezi'n_‘L. 1b. 0
— , i — ISR SR S
L gy v Ypgr D808 L1810, 0 } 77,995 216,464 | b24,778
e T ™ = 17,  and T =z (g -Ty ) 3
} | €1 2 Mpax, Y Yoax er 17 Ypax A
: g, < T T - . and T = 0 g
1S Maa, TG Ry, .
L. _ e S ] ;
; Ty | 1D, 0 0 0 0
| S SES - — - ]
. b 0 0
; RYI . 0 0 ‘
S I <l ) U S S :
By "™ Cy - By < 2X 4 'rxl rt.lb, I 1,328,214 | 1,250,219 1,111,750 .'903.1:36 J
1
1 )
, -2 X0 T ' i
TR |
' __w__,_,__ﬁi,_ _ (S RS RPN SN,
M - X } .
r = Zmax Y¢rim rad, ! : 2
z gec.? [ i LT
g, + Y T -M | ! 3
| _ 3 rtr meu Z‘crim i -
gL o R e k
T, AT, 7 : i
i X ax max total , 3
1t — Tt - R S Tyttt T T " T T b
o ‘ 1,550 .030 rad. .08 54 L0912 .0737 0625 !
{\ ! [ ) gec, ) :
i s T S : _
o ' €é,59 1125 trad, 1289 L1247 L1172 L1060 . A
4 2 : o
R | L a_.._.|BeC. e ) . i 9
T ; 26,000 /500 rad, | 3005 12963 .2898 2776
3 I Ce sec.” | S :
P L 57,070 1.000 ral. 5293 5251 1 L5176 5064 | :
‘;: ' !_, o B o roc.< J . . A l N Ji
e =95~ :
y -
ORI ;




ACCEBLERATION IN_YAW o 3

: Txau = 10,470 1b. ~
, ~X TYmex 10,470 1b. A
,\
" Xpep . 76 f£t. :
X 6 £
_ Yrer ° 163 ft. 3
T - 750 1b. B
RYpax ¢
I; . =41,236,000 sl.ft.2
‘ ) Sy ) 5 £t
3 DESIGN NO. C-76/.291 :
E ' Y = 0 Degrees "
E- €y " T Tx,, * z(xru_ Teax * %R r"r )- 5,012,160  ft.lb,
3 Bax L 8
3 Veloclty (V) Kt. 0 15 25 3s 3
|__Drag (D) = b, 0 __ ] 1095 _. | 3,038 5,961 - 3
3 1 Aero.Yawing I!om.(uzuuL) f£e.1b. 0 0 0 0 3
h s D T
y | &y = DOV 1. 0 0 0 0
3 | &= Ypyy Doge ft.1b. 0 | 89,242 | 247,597 | 485,821
r_ - - - -
[ . -
E : I g > Txm. Tyi Tynu and TR!1 "2 (Gl Txnu) .,
f F/
: | g < T T - and T = 0 ;
; t 1S Mgy, 1y T & Ry,
1 - — P - —— o —— e # — i e —4
3 ; ™, Mo, | 0 [ 0 0 0
b —_— -- R e Lo TR +
QT v, ) 0 0 0
X
[ Ly R SR N ] . . !
By = 4 - By - 2Wpyn 'rxl £t.1b, 5,012,160 | 4,922,918 h.76u.563,1+.526.339i
! 1]
1 “2 Xg T :
! . 8 _ RT;_ o B . .
{ M - M ' y
rF o= Zanx Zerin rad., 1
IZ sec.? l ;
€y * Yoer Tp My ' '
! .- ax Wim l
| Iz
! s (1v) | T /TZ T | 3
f xnnx xmax total . ] :
ot - - b it 5
! rad. l
| 5,10 .030 L1449 1427 .1389 (1331 .
. N azg._z I P P ;
: 24,600 125 5&4;2 .2188 2166 .2128 .2070 3
‘ mec. o ]
o 98, 5.0 . 500 fad., . s110 i .5088 | .5039 4992
i TR sec, [T SR S W
| 197,040 1,000 rad. . , _ .
] 97 rad., i 9004 8983 | 8944 .8886 i
o Ll lmec. T
2 | B :
1 , » y
L -'

Sy




Typax = 159 1b.
TYmux - 759 lbo
S - 130 £t.
Yoip - 154 ft.
T“Ymu - 750 1b.
) 1, ~ 21,567,000 gl.ft.2 :
p S = 32 ft. =
DESIGH NO, B-130/.85
\y = 0 Derreas {
€y " W Tx .t 2<"rtr Moax * X1 TRY )' #79.112 £2.1b. <

b
'
;

| veroetw (v ke 25 b3 ]
| brag D) _ ______ _]1b, 2,61 | 4,830
Aero.awing, B'.om.(Mzuh_L) ft.1b. 0 0
L By » D__B%_rﬁ’_ 1b. 0 0
| &2 Yper DS ft. 189,497 | 371,910
- e !
ir T T - " -7
i €1 2 Yoag, Y, Y ymu)
; g < ‘Ymu' T21 - &y
1
i Ty b, 0 0
1
T ﬁ 1b. 0o o | o o
| "Ry s i
T Teon. | wre.112 | wio.81y | 209,615 | To7.208 |
:. 63 01 - 62 - an 1'1 ft.1lb, 79,112 ‘ 10, 1} 289, 15 | 7. ;
H | ' i
! -2 X T | .
1 TR "R
S T U S
¥ - ! ,;
F ‘max Sirim rad, )
; —mex . trim
A BOCoz | .
O3 * Yoee Tp, ¥ | :
- 3 ) xm!lx trim } :
_ R R =
™ o . Tt hd T —f
Tp () [ 2, /1, | i i
_max 4 Ymax total) ] e ]
- .28 .030 _‘_‘9:_5 .025) 0221 L0165 .00%0 |
e A gec.” 1 . _ D U
1,785 (125 —-—zmd' .0350 0318 0262 L0177
- L . DOC_._A_____'__“‘__ __’-___‘ . . . . e
7,10 , 50C rad, L0732 .0700 | N | ,0560
e ) peo, ! l Y S ‘ o '
1L 280 1,000 rad. |12 S 43 Ko $115% [ 21069
e soc.® | Ao | N 1
-97-




: %
i 3
; E]
3
4
ACCELERATION IN_YAW _ij
Trpnx = 20763 1b. ,1
TYgax = 2'763°  1b. %
Xpee = 130 gt |
Yoee ©° 154 AT %
T - 750 1b. 7
RY nax :
I, . 23,298,000 ¢ .2 :
Xor = 32 rt. E
' g
DESIGN NG, B-130/.609 _,]
Y = 0 Degress i
€f M Wi Tx o 0* 2<xrtr Tyoax * %R TRx )- 1,617,384 ft.lb,
max . 1
N : S _ : ;
Velocity (V) kt. 0 15 | .85 . 35 1
| Drag (n) 1b. 0 979 __|.2.716 _ | 5.329
| __Aero.Yawing Fom. (Mg, ) ft.lb, 0 o 4+ o 0
g » Deln¥ 1b. 0 0 0 0
2 * Yeor DOg0 V. 1.1, 0 75,383 209,132 | 410,333 1
1 ar ., 1, = and In * 2 (g, ~Ty )
i €1 2 Mpux, Y, Yoax er 17 Yoax
i g, < T T - and 7 - 0
L 1= YU\&X. Yl 61 er .
{ Ty 1b. 0 0 0 ]
L_n B U j
T 1b, 0 0 0 0 ! !
‘ R‘Yl ; i
: ——————— e e miae e o g e e .- P - . . - . . . ’
| By Ty - By - Ay Txl r£t.lb, 1,617,384 | 1,542,001 [1,408,252 ! 1.207.501j
| 2 Xag T, | |
, — N Sl EUEUU ST SO SO - . i I
‘ : M - M .
i r - znax Zter: rad.
C XE BBC+«
o ' €q t Y T =M :
4 " - S quax “erie . :
E]' ' ' IZ i
o K ORI T i g T :
Tt o4 P A H
;’sl‘ { -~ max xmax total‘“—-' U S o S ‘ %
B 1,560 .030 rad, .0797 ,0765 ,0708 .0621 ‘ g
vt sec. o . ¥
o —_— e |eee. —_—
- : 6,500 .125 ___}md- 1124 .1092 L1034 0947 ¢
. S £ 1.1 SIS S, oo ’ i i
26,000 . 500 rad. P 2bk1) +2380 i «2323 I .2237 ' ;
—_— e - - - - 9.0.____ I ~ } -—m e e e m e i mma
- 1
52,000 ) 1.000 rad. | h131 | Lo9g LY . 3955
v-_‘_&-,..vs,-i_-__m L S l .. J
no




Vv

R T

e T R P -

. oy
- - ~ P Ll  Eaih Gt Rl
YL S W P W s

- N

WV, ST Y
-

by

S i Ty
-‘;,\“&.

el

b
y o

in

]

35
6 ' 078
0

0

468,006

|

{

WO La AN i

!

: . i
5.756,491 5,526,954

Axmu - 10.‘470 1b.
Trmu . 10,4?0 1lv.
Xpep - 130 rt.
S = 15 ft
TRYmnx - 750 1b,
I, = 52,688,000 al.ft.2
Xpq » 32 £t
DESIGN NO. B-130/.291
\y = 0 Degrees
6y % Wigr T, * 2(xtn_ Neax * 1R TR! )- 5,994,960 ft.1lb.
nax
Velo:lty {v) . ]xt.’ . 15 I >
t brag (0) T j o | nus | o9
[ Aero.Yawing Mon. (VZXrSm) £t.1b, | 0 0
1 & ~ D ain 1v, Lo | 0 0
€ - Yrtr Q_E%EJE_ [ f2.10, T 0 ' 85,932 238,469
Lo1r T T, * T and TR * 2 (g -T
' 12 Ny, My Yoax er 17 Ypay
! 8, << T T - and T = 0
| 1S Y., ¥, €4 R!1
_ e S S
? TY 1v, ’“{ 0 [ 0 0
: TR'fi ib, } 0 0 0
By " €y ~ 8y = 2X 4. TY; ft.1d. { 5,994,960 | 5,309,028
; -2 X, T
| TR !
. T 1
M - M
r = _Eggx “trim rad.
2z gec.? ;
€, 1 Y T -M :
3 rtr P A :
) ay trim |
_ T2 | S
T (1p) T T T
menx menx Ztotal!
—mex o max s L
5,910 | .030 rad., (31 1294 1265
U S (L1 TAN LU SO
24,690 125 __..-irad- 1857 L1841 1812
S SR ‘"?_'____.___.,.__,N _ o
98,520 . 500 ___.irﬂd- 4017 - L4001 .3972
e 3 [ . geC. : . I G
‘ —.
197,04%0 1.000 rad. 6897 6881 .6852
e _lsec. . _

|
|

1722

21768

03929

.6808



JEPTIR Cl

, ACCELPRATION IN YAW

/’E‘ TXpax ° 759 1b.

2

A @k taw t 7 om
w. Y,_-u\ xrtl‘ - 184 ft. 5

. S ! SO 137 . g

- TRY - 750 1b. 2

o T max 3

X b Thy X I, . = 27,007,000 sl.ft.2 3

7y X1R Xpq - 59 ft, -4

DESIGN NO, A-184/.85

.
il

E Y = 0 Degress ' :
F & W Ty 2(x_,, pax * %tk Try Dr 575778 real, 3
Eax 4
' Yelocity (V) xt. 0 15 25 35 é
i Drag (D) - 1b. 0 898 2,493 4,892 3
p—— - ——4- """""""" F B a
; Aero.Yawing ¥om.{Mz ) £t.1b. 0 0 0 0 A
{ D oin g
gy w 29 1b. 0 0 0 0 3
| | o e — ] ] 3
b € % Ypgr L2t90 ft.1v. 0 61,513 | 170,770 | 335,102 3
i h - .
. ir T T - T and T s 2 (g, -7 )
E € 2 Tony, 11 ana.x RY: 1 Yw g
’ -
; B, << T T - 4 T = 0
t 1 Yoax, 1y €1 an P‘rl i
f 1-!1 1b, 0 0 0 0 §
| L U B ]
I TR! 1v. o] 0 [v] [s] 11
b
f : I St P mrr e i
33 “Cy-& - um 'l‘rx ft.lb. 575,77 514,265 Lkos, 008 240,676 !
; SN N SN ] 1
b
| M - M 3
r e Zmux Zerim rad. i
- I, Z i
o sec. i
N €9 * Yrgr Tp Mg -
(. - Xoax triz :
P i 0 j
] - S
3 ¢ TP‘KH (1b) Tp T r i
L0146 i
.0215% g
S f
.0848 ,

Y NP - N
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ACCRLEKATION IN YAW

DESIGN KO. r-124/.609%

Y = 0 Degreas

Txgax
Tpax  *
xrtr =
Yo °
TRYma: )
i -

2,763 1b.
2,763 1b.
184 £t.
137 rt.
750 1b,

29,940,000 sl.ft.2

59 1.

ey Yo T‘ﬁax . 2<xrtr Tfmax £1.1b.
v.1oe1ty (v)— Kt. 5 '_“—;;‘— 35
Drag (o) TS B 25 2 B O 15 1
Aero,Yawing Mom.(&éirlm) f£t.1b. l 0 0
L— gy » Q.E&EJQ__ 1. { 0 i o . 0 0
R e e e e e e e - - - o B
| - D cosy : .1b. I
| € Trtr =3 Lff £E~_ﬁ__ﬂ__ 0 _l 67,815 1%%1238 369,283
S § 4 T T = 7 and T » 2 (g, -T )
i gi 2 Ymu. xl Xma_x RYl 1 xla.x
| g, < T T = d T - 0
l 1= Ymnx. YI 3 an er
{ Txl 1v. l o] [ 0 ] 0
]
© Tay 1b, i 0 I "o ry 0
; S e A e - R
" c, - g, - 2K, T £t.1b. 1,862,346 | 1,794,531 11,674,108 | 1,493,063
& 1" & rtr Tr, ; 2,346 | 1:79%,531 11 674,108 ¢ 1,493,063
' 2 X T : ‘ i
1 TR |
| TSN U S R
t . Mz
r = mAX
gy * Y
T, (1b) T
; L. max I
| 1,550 10631 .0570
6,500 L0857 0796 .
26,000 1709 1 .1688
o »'} ooorr gy kﬂ . | -_-"—1 | —.8 3 |
52, e ; > 2939 L2873 |
U S lee,c?_/ S T TG IR

i
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3
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ACCHLERATICY IN YAW

Trpax = 104470 lb.
Tygay " 100470 lb.
xl‘t!‘ - ‘ 184 ft.
Yoer ° 137 ft.
T - 750 1b.
RYpax -
1, ®* 69,575,000 81.0t.2
b - 59 £t
DESIGN NO, A-184/.291
Y = 0 Degroes
0y W Ty * z(x‘.‘r LIS TRr >- 6,810,240 ft.lb,
nax
Velocity (V) kt. o 15 25 35 !
Drag (D) 1b, ¢ 1,028 | 3,129 | 8,140 |
Aero.Yawing Hon-(Hznm) £t.lb, 0 0 0 0
D aln
gy = —5—‘2— 1b. 0 0 0 0
1 . Ao . - . =
€ " TYrer E%s_‘&_ £t.1v. 0 77,268 214,336 | 420,590
1¢ > T T, = T and " « 2(g -7 )
& = Tonx, Y! Yna_x TR11 1 Ynu
€ < T T - and T = 0
1= X““v YI 81_ Rxl
TYi‘ 1b, 0 0 0 0
T 1b. 0 0 T 0
Rri
£y ° 05 ~ By = pyn T’x f££.1d, 16,810,240 6,732,972 | 6,595,504 6,389,650
-2 Xop T
R
H71 e I T B N . _
™ - M
i e lnex Z¢rin rnd.
IZ B868Ce
83 * Yrar Tp, Mz
. ax Ctrim
Iz e
T (1p) | T /T r
P y. z
ax ‘(max total o
5,910 .030 rad, 1095 1084 L1064 .1035
__T B@C.
R _ |se B R R i} -
24,670 125 reds L1463 J1h52 1492 L1403
86C. . _ 7
, 98, 5¢0 . 500 rad. .2919 .2908 .2888 2858
| e e ] Lo ]
L 197.0%0 1.000 rad 359 L8L8 4828 4798
£0Ca — P S S J

34 4AD 4



ACCRLEKRATION IN YAW >

Tmay ™ 759 1Y,
- Ty.., = 759 1b
S {3 :
Yoo 164 rt,
T - 750 1b, -
RYnx y
I, * 17,645,000 el.rt.? e
L 500 3
DEGIGN RC, 7-7./.H5 E:
Y = 30 Degrees "
ey T W Txo ot 2(11‘,cr Toax * R TRI )- 370,302  ft.lb,
EAX k-
Yelocity (Y) xt. ] 15 25 35 3
Drag (D) I, | o0 2,552 _ | 7,166 17 1k,061 | 3
Aero.Yavirg Moa. (Mz, ) £1.1b. 0 2?2.838_{ 757,882 1,485,445 :
g = P-’-é—“—\&— 1b. 0 322 895 1,757 :
g€ = Yrir P_%ogy_ £t.00, 0 182,260 | 505,783 | 992,440
1t > T T, = 7 and TR, v 2 (g Ty ) 3
€y = Yonx, Yy S ’51 L Ymax
8 < T T - and T = 4]
S -
T, lv. 0 322 759 759
7 1b, o o T 2z | 1,996 4
R'Yl ) E
£y " ¢4 - € = Vryr Ty, £t.1d, 370,302 139,118 | -253,569 | -757,466 '
-2 I T
iR 2
e R’l | - U R G
™ - M :
r = Zpax Zirim rad.
iz sec.? o
. €3 * Yrtr Tp ) :
. Xpy - tTim
KA I, 3
{. o I T T T T T
B ) (ap) | T /1 r
: P v z
N ax Xrax tMBIL
4 & - — 1 - T e T T
; 428 .030 red L0269 -.0036 -.0534 -.1232
Lo Blac.,. i
= - .  Bac I | I SR :
. 1,785 125 rad 0375 .0089 -.0608 | -.1106 il
' . . o B0C . L |
T ‘ 7,140 . 500 rad. . 0865 L0584 0086 -.0612 !
Do o L |BeO . N e ]
- AR 14,280 ( 1.000 rad .1529 1243 L07h€ .0Ch8
. 1 080« - ]




T T —y

ey

T e e g e

e e e

ACCULZRATION JN YAW

Txpax = 2767 b,
TYoax - 2,763 I,
Xpip » 7C 1,
Yoope " 11,
T - 750 1b,
RYE&X
I, . = 18,523,000 el.ft.?
Xog - 5 £,
DESIGN X0, C-76/.609
\y = 3}, Degress
o =g tx  v2AXe Ty e e, D= 1,328,214 gran.
max
Yeloclty (V) [ xe. 0 15 z5 35
Drog (D} = ib. 0 2:_6}.‘,3\__.,_3_'22__,}.}&2_9_%
Aero.Yawing h‘.om.(!zl ) ) £t.1b, 0 272.838 £7,882 1,485,449
g w Dolnw 1v, 0 330 916 1,799
b - —_ - S S A
D cos F
€ = Y £t.1b, 0 186, 54 17,712 1,015,584
2= Yry Dogal¥ 55( 517,712 11,015,543
Ir T T, *~ T and T = 2(g, =Ty )
1 2 Mypae, Xy Ynax R,fx TR S
gy < T T = v and T = 0
1S T, "yt Ry,
'1‘1,1 | 1b, 0 330 916 1,799
T 1%, 0 0 0 0
th
.v—_-—ﬁ P e e, - —a
€y " €1 7 Ep 7 o Ty [ftIb. | 1328216 11,091,509 | 671,270 | 38,823
-2 X p T
TR
"1y
~ ——
M - M
r = zvu Ztrim rad.
I 2

[ ]
(=]
-]
n
-

by o+ ik . N b DRI FURTN . P .
it il 85 L R A SR s g

R P

i




ATV ETION N YA

Ve yz& Tx]i\l = 10.1'—/0 lbc
v 0 - - Lo
& RIS er e Ty, 10, L7 lb.
, AT 1, e
V" S 31 Ylr tr Arir - 76 fe.
T aTT Ypp v 163 e
]
._.4.-_._....__'}__/ ( T - ?’O 1b.
-~ G aT. C;:;L.{T_ _t R’ﬂ‘ux 4
TX * ’ ~4 “.Px 2
t TR 1, « 41,236,000 Bl.rt.
Ty TR X . Py
IR 5 L.
viean o 1O, C=78/.29
Y = - Degvees
- - - - £
e, = Yrtr . 2(}(rtr SIS S ) 5,012,160 ft.lb.

mloci‘v (()

SISO IR

1
gy = & Lonw L35 950 i
TRV A SR L e } 4
€ % Ypyp DC00N ft.1b. 0 ' 199,53 ‘)53 ow '1 096 83 ! y
- - ———— - - PR __—\.J
I gy > Ty Ty, = Ty and T, v 2 - Ty ) é
o mux, 1 max 1’1 g
£ < T - and T - ] ‘g
1 = an\x. 11 El Rx oyl
B L T %
Ty 1b, 0 353 | 99 1,925 X
™ _ Tt IO e N Bl ;
by 1b. ! 0 0 0 0 :
Ry l |
1 e JE S _vat - [ G oL 1
By "y - &y - DX, Ty SELE 2 912,100 | 1,758,972 L h,209,5853 " 3,633,325
“ 1 |
H | . 3
=2 Kw Ty v | J : 9
R SN S R S R S L]
N - ' ( =
) 2 ’ | .
. r - __“f\_x trin, o
P 2 | racs i B
- , g, tY 1., ~ . '
: i IoomE i S ]
. i - — —— }
1 — . T ; _ o B ) _ g
v P (1) W A /i : +
K v ‘ P P yA
t N tota
5 — max i ma e e m e - —_ —_—
. ] H - TR YT = - - R
{ ‘ 5,910 01 el 1139 1422 wg { 264 l
y oo . 24,600 175 T L2178 ©oL,2000 0 ! 183 1 .1hg3
; T e e -
98, 200 ot o $ 5110 e 2 L7y B15 1
S . I I jree.t e .
o s R ]rqd. ' o i 5 : . _T P ' r
S . 197,64¢ AL rad._ L 900 b.8877 8650 | .L)i0 ‘
o : IL.-._‘.__.___,__A_» el P | L 1 ) _J 1
_" "'1'\)7%"
) i
2
<
T b
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- i TEAT RN Yot el T gl Sl v

R

DESIGN NO. B-130/.85
\{ = 30 Degreeso

Tpax "
Tpax  °
xrtr °
Yrtr .
Tﬂrmax )
IZ 21
XeR .

759 lv.

755 lv.

130 e,

150 re.

750 lb,

. 567,000 ol.ft,2
Je .

o T M Tx ot 26“1_ Meax * 1R TR! )- 479,112 ft.lb,
nEX
Yelocity (V) kt, 0 15 25 35
Drag (D) 1b. 0 2,636 7,314 14,352
Asro.Yawing HM-(lzm) £t.1lb, 0 272,838 757:882 1,&85,&449
g = Don¥ 1v. 0 | 9% 914 1,794
€~ Yryo 263 £t.1b, 0 __] 175,778 487,726 | 957,048
bE 4 T T, = T and T - 2(g -Ty )
E1 2 Typay, Yoax Ry, 1 zax
< T T - and T = 0
&1 = rmux. !1 &1 RYI
Ty | 1v, 0 329 759 759
1 .
T 1b, ] 0 310 2,070
R’t
&y " Cy - & - 2Ky 'r,! ££.10, k79,112 217,79% | -225,79% | -B07,756 ‘
"2 X T ‘ .
TR .
_____ Yy |
", - Y,
r = __DPAX trim nd.
IZ 09002
&y * Yptr Tp Mg
- xnax trim
‘Iz 1
T () | T /T r
P P A
faax | _xiax totalﬁ L o
rad. - -
428 .030 rade, 0253 0005 ,0L26 .1033
UVt IR _.._|8sc. IR R D S
1,785 .125 529;5 .0350 .0102 -.0329 ~.0936
- e e ___l®8C. - SRS SO SO
7.140 . 500 rad. .0732 1N | 0054 -.0553
b |sec S AR S SV
14,280 1.000 EES:E J12h2 09yl L Los6h -, 0044
Bn_q. . L




EF

»~ H“‘ T)':‘_lu - 2, 7{ 3 1h
o l» . - A nfa
\V \(L‘TT\' (f;__#._,.. TYL\BX ) 7,767 1lb.

f e xC .. .
/_ ~Xetr - - ® 1 e,
- =t - - o
; R Yric ! T,
— e T - 750  1b,
1 = 27,257.000 8l.0t, 7

xTR - 37 £t

€

DES TSN NO, B-130/.609
Y = 40 Degrees

» ’ "5u . .
¢y ZYrtr T’bu * z(xrtr Txmu * XTR TRr )- 1,617.3 £¢£.1b

max
Yeloctity (v) xt. ° 15 25 [ 35
Drag D) lb, 0 2,674 7.420 14, 560
Aero.Yawing Kom.(Mz, ,.) £t.1b, % 0 272,838 757.882 | 1,485,449
€ = ——z.D oy b, 0 334 927 1.820
L .
g2 = Yryp DSg0 | ££.1b. 0 178,312 |49k, 794 | 970,918
1r T T - T and T = 2(g, -7 )
! €y 2 Mpax, N4 Yoax 3,1 17 Ypax
8 < T T = and T = 0
1= Ynu. Yi €1 RYI
Ty | 1b, 0 334 927 1,820
1 - ——--r —_——— - . .
T 1v, 0 0 0 0
Ry, 1
: — . ———
x By "0y &~ Mg Ty | f8dbe | 1,617,306 11,352,232 | 881,570 | 173,266
-2 T l
' x'I‘R P’ L '
———— — —— [EPUNNERUIR PSS S Y W - _..-{
M - M
. r = Zax Zerin rad.
172 UGC-Z
: 83 * Yrer Tp -y, i
¥ .- Ynax _trie '
L | B 1 e ]
: ? {1b) T /T r
P Py Zy0tal
; ax max ot I
:{J 1.560 .030 rad. ,0797 L0566 L0156 [ -, 0460
5o . _lBsc. et
5. % 6,500 .125 rad. L1120 .0893 ,0LE3 -.0134
L BOC.
. f—ﬂ->—A—*“~—-—~~“‘ - iy , i Sinil SRR Sl
- ) 4 Q. ! . ]
L T e T BT
P! : £2,000 1.000 £§ﬁ;§ | Lut31 L3901 L3490 2870
. { \ B00. |
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ACCELERATION IN YAW

Coow AT ew o

Towme By o-4aT3

F tiaEoy T

W I Tt WG e e e i L g

’,’E‘ Tianx = 10470 1b.
TY"QX - 10""70 lb.
Xrtl‘ - 130 ft.
p S - 154 rt.
T - 750 1b,
R"mu ’
1, = 52,688,00001,2¢.2
X1r . 32 £t
DESIGN NO. B-130/.291
Y = 30 Degrees
' - 5, ,960 1b.
oy A, r%u + z(g_tr Tymu * Xop Tﬂr ) 5,994,960  ft.1b
nax
Yelocity (V) kt. o 15 25 35
Drag (D) 1b. 0 2,918 178,098 15,891
A.rOOY&'iu Mm.(lzum) ft.1b. 0 272|838 ?5?1882 1»u85¢w9v+
& > 2-’,}"_‘2_ 1b. 0 364 1,012 1,986
& " Yrer D_°;:9_HL £t.1b, 0 194,583 | 540,006 !1,059,674
- s 2 - 7T o
1t g > r! Yx Tymu and TRII (gy yux)
&g < T T - and T = 0
1= °r, , 1, €4 R!1
T+ -—
Ty | 1b. 0 364 1,012 1,986
1
T 1b, 0 0 ) 0
Py, ‘ !
£y * ¢y - - 2X . T Y, £t.1b, 5,994,960 | 5,706,517 | 5,191,834 4,418,926
-2
Xrp T Ry, B
Y -
r = Zmu zter rad,
1, 2
Z gecC.
€. *+ Y T -
3 rtr °P 2
- xnu trin
12 o ) ]
) () | T /T i
P P Z
ax Xmax total - 1 L
5,910 .030 rad. L1311 1204 L1014 .0730 }
R sec _ e . |
rad., !
24,4600 .125 1857 +1750 +1560 1276
' asc, L T S o
98,520 . 500 rad Lo17 1 L3911 ‘ 3721 3436
S SUN BOC., lein L . . — j
197,040 1.000 rad [ 6897 6791 1 .6601 .6316‘J
L ___i0ec. — - . l e e d
-108-

T 2Tl R LA R YA

o aF

LN i O 4 KL s IR, oo it UL SR 1 e s, 1 ivowashies 3w TR | i




ACCELYRATION IN YA,

4 Teprx ™ 759 1. :
| TYoux =~ 759 1b. !
xrtr - 184 £t. I
Yt = 17 £t.
T = 750 1b,
RYB&X :
% I, . ® 27,007,000 sl.rt.2 =
X1r = 59 £t 3
: DESIGN NO, A-1B84/.85
= 30 Degrese

i ey * m’rtr T%u + z(xrtr T‘!nu * XTR TR! )- 575,778 ft.1b.
) aax
Velockty (V) "kt 0 15 | 25 35
P brag (D) Iv, 0 2,705 | 7:305 | 18,726 .
. Aero,Yawing ¥om. (Mz, . .) £t.1d. 0 272,838 | 757,882 |1,485,4k9
g » 2olnw 1v. 0 338 938 1,840 2
€2 ® Ypgr .098% | ft-1b. o 160,468 4hs,217 l873,586
; r r T - T, and  Tn, - 26 -Ty 0 A
E | I €1 = Yaax, Yy Trax HYI 1 Tpax
g < T T, = d T =0 '
3 e —r —— - —- 3
] Tr, 1b. 0 338 759 759 i
. — - —— F
T b, 0 0 358 2,162
4 R’l :
-y L i e .
f 3% % - € - ey Ty £t.1d, 575,778 290,926 |-190,995 : -832,236
3 3
-2 Xop T 5
4 TR
3 — __RYI ] S ] 3 .
| ) - M %
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LA e w e a0 T
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ACCRLERATION IN YAW

TYpax ° 2,763 1b,
Typay " 2763 b,
Xepgr ° 164 L.
Yoo ° 137 ft.
T - 759 1d,
RYpax
1, ® 29,940,000 el.ft.?
Xpgg o * 59 fe
DESIGN NO. A-184/,609
Y = 30 Degrees
o = A, .. Tfmu + z@ru,"rymu * x,m T"r )- 1,862,3% ft.1v,
BAX
veloclty (V) Kt. 0 15 25 |35
Drag (D) _ 1d. 0 2,735 7,590 | 14,893
Asro.Yawing b’nom-(lztgl) £t.1b, 0 272,838 757,882 (1,485,449
g w Doiny 1b. 0 b1 948 1,861
g * Yrir %’E.‘L £t.1b. 0 162,247 | 450,259 | 883,493
1f T T T and T = 2 (g, ~Ty )
B 2 Ty oy, Yy Yonx R"l 17 Ygax
8, < T T and T = 0
1= Ynu. Ty €1 . er
Ty 1vb. 0 1 9u8 1,861
1
T 1v, 0 0 0 0
R’i
83 = Ci - 62 - me T! tt-lbo 1.862-3’46 IIS?uIZuJ 110631223 29“0005
=2 Xpg T
R’t L
] - M
z.' - Znu Zt"iﬂ" rad.
IZ t;ec.5
€, t Y T -H
3 rtx °P 2
! - Xrax
l T, N
PT av) ‘1, /T, r
!'_ AKX xmax I
‘ 1,560 030 rad 0693 .0506 .0173 -.0326
e |BSC. .
- ¢ .
' 6,500 .125 rac. .0919 0732 +0399 -.0101
. _ sec. - ~ —
26,000 500 rad. .1812 1624 1292 .0792
)
. |mecy i
52,000 1,000 rad. .3001 .2814 ; .2481 .1981
! U S noC. L —
-110-~

AN R N G Fak €2 o YA 0 Eetan it St ST 2 53 o KoM s e 5 i T & AL xali © Lt e AR s b N AN il AN ameti e




£ 355G pemtity cwaiyTat v it ntadisd 7 V D o . P ey Sosa s - e A -""5,'"“-'/' T A"-.
Trzax = 10,470 1b. {-
Tygax = 10:470  1b. ;
Xeer ® 184 ft. 3
Yoer - 137 ft. v_;._
T - 750 1b,
Ryma.x 3
1, = 69,575,000 8l.ft.2 ';_
Xrq = 59  ft.’
DESIGN NO. A-184/.291 .
y - = 30 Degress :
¢ " W Ty, * 2@“1_ Tyoor * Yoy Thy >- 6,810,240 ft.1lv.
nax . <
Velocity (V) Xt. 0 15 | 25 35 |
brag (D) 1b, o | 2980 1 826 [ 1822k _
Aero.Yaming Mom.(uz1 i) £t.1b. 0 272,838 757,882 1,485,849 ]
I I - sot T ] ;-'
L~ 1v. 0 372 1,033 2,028 3
& = Ypy 2890 | £¢-1v. 0 176,781 490,480 962,b52 B
1t ) N = T and - 2 (g, - ) =
! & 2 Tpax, Xy Thax TRYi t Ty‘“ .
-1 N = T = 0 1
' 51 E Yﬂu, !1 81 and RY \i/
‘ 1 Z
—r— - Sps ——e
'1\1,1 b, 0 372 1,033 2,028 ;
T, 1v, N 0 0 .
. R.!; R
e = i —— - - B N, _._4r~_—- 3
= - - J
gy ™ Cy - €y = 2Ky, '1'!1 ft.lb. | 6,810,240 | 6,496,563 5.939.616| 5,101,481 3
-2 Xgq TR‘[ ;
- . 1 B R S R :
' I M - M
. ’ r = Zoax Ztrin rad. :
i 1 rZ nc.{ -
: i & ' Yrer Tpy Mo,
f ' ' - ax : o
¥ o ' iz =
- T aw) [Ty /1, B T
L I _5:9.;(___ Xnax ~ total o L 3
A ! 5,910 030 rad., 1095 1011 . 0861 .0636 K
C oy —_ S ey BOC SO S
) 4
! 24,600 .125 ’—‘P——f (1463 L1379 .1229 .1004
] S GO ‘.~_‘_‘_ue_c_‘ . —— ——
98,520 , 500 Eﬂ:.i ,2919 ;L2834 1 .2685 260
‘ SN AUV | 11T ] . R S I ' s -
e i 4. | : :
IR 167,040 1.000 *——5" | 4B59 D774 h625 4400 K-
B -__ secC., | L :
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s Cde 3 o o b ez e aidntac kit ron S AMECCIN SRR IEA f‘
zriﬁ—,A i IR TR Ty R IR LR SR e S TN AR T -
T T N
!
t
ACCBLE” \TION_IN YAY
: Txmu = 759 1y,
Typay = 759 1b. .
Z b S » 76 £t,
f Yo - 163 t.
TRy - 7 1v, 3
} 1, = 17,645,000 8l.ft.2 R’
E R - '
E _ S 5 ft,
! DESIGN HO. C-76/.85 .
'; Y = 60 Degress
b .
} & Ty Tx ot 2(xr,a_ Meax * X1m Tﬂr )- 370,302 ft.lb, ]
! nax
' Velocity (V) ~ Kt. 0 15 25 | 35
: : Drag (D) - b, 0 5,107 14,172 27,810 2
l Aero.Yowing ”“‘(”Ztrm) ft.1b, 0 272,838 757,882 1,485,449 ¥
' gy w Dojn¥ 1b, ) 1,105 3,068 6,021
! - e
i : 8, * Ypyp L2008 ft.1lv. 0 208,110 |577,509 | 1,133,257 . .
. 1
! ir > T T = T and T = 2 (g ~-T )
E ' By 2 Mouy, My Imay er 17 Toax :
9] '
o £ < T Ty = and T = 0 5
% S T &y R’1
k T :
A ‘1'ri 1b, Y 759 759 759 A
1
T 1b, 0 692 4,618 10,524
: Rxl '
E &y " ¢ -8 - S S '1'1,x £t.1bd, 370,302 39,504 -368,755 | -983,563 3
R -2 Xpp T L
| "y —
L' . H
. . ] - "
r‘; . r = Zpax Zerim rad.
Y l 1 Bec.? :
P €, t Y T -M H
. rtr 7p z §
A . Taax _tris
. rz s
GO T (lv) | T /T S ] §
e P P Zy ons : {
¥ { ax xmax totai , i
L 428 .030 rad. 0249 -.0092 -.0599 | =.1360
s ot gec
P 1,785 125 Zad. 0375 0033 -0l 7k 1234
| 7,140 . 500 rad. . 0869 .0528 0021 | -,0740 i
“" ‘o — isec. | o
) * 1
. 14, 280 1.000 rad 1529 1187 .0681 | -.0080
. BeC. o e

TR




'1‘) N - ' 1
T‘l“..‘u = e ”
x“Lr - T ¢
Id
Yoo . 17 re.
Thy - 750 1b,
oax
1, ® 18,573,000 Bl.ft.2
X1R . 5 £t
Cr3lCN NO, C-70/.629
W - (0 Drzre g
& - ZYrtr Txr.ax * z(xrtr TYnu TR THT >. 1ol frln,
max
Velocity (V) Kt. 0 15 | 25 [ s
[ Drag (D) o 0 5,172 1 4,352 123,163 |
Acro.Yawing Von.(Mz, ,.) £4.1b, 0 272,838 %757.&32 1.1485.%9ﬁ
| 7trY von. 2R IR -
gy » BEINW 1b. 0 1,11 3,107 6,097
fa = Ypir D_C.g_f’_\k’_ lft.lb. 0 210,759 [S04,B4% 11,107,642
It g > T T, = T and T v 2(g -1y Y
12 Ymu. Yl Ymax R 1 1 Ymu
g < T T - & and T = 0
1= Ymnx. X1. 1 : R)'1
U —— ——— ey P ——
TYI i 1b. } 0 1.119 2,763 2,763
Tay 1b, { 0 0 688 6,668
1 e
€37 °1 " 8y " g Ty, £t.1b. 11,328,214 9%7,367 | 316,514 li—goé.osu
| 2 Xy T .
TR j
{ Rxl - ——p— e -_..i,‘__‘_,.AA 1
M, - n
;_ - _ MOX toin rud,
IZ noc.2
1
€, + Y, ... T Y
' 3 rer °p z
- - Xn’l‘( trin ;
A e IZ . N
! ~ [N} al L T - I
P! ip {1b) Lp /AZ } r
| | mex e TR
! 1,50 | ,030 rzd L0350
i o A;ﬁ o cgc.z
S £,460 125 rad, L1269
S e . pec. B
| e | oo rad. ' 20
I Pt ~ -
- } %_____ e ;ﬁ’c'i_.._.ll ———
f : 52,000 | 1.000 ral. L L sry)
= S | HOC. i
. _ )
:
S
A -

TR RS ey

———— e

PO v

s b

T el v sl sl e A bl n R i . d

vyt

Mo et
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ACCELERATION IN YAW

Trpax ~ 10,470 lb.
oax 10,470 in,
Xper - 76 e,

. Tetr * 163 fe.

' TRy, " 750 1b,

» I, e 41,236,000 sl.r%.2

; ITR = b £t

-

K
B

| OO WA AR W8 1V e~

DrSIGN NO, C-76/.291
\Y = 60 Degrces

€y " e Tx . ° 2(xrtr Moax * X1r TRy )'5'012'160 re.1v.
RAX

Yolocity (V) kt. 0 15 25 35
Drag (D) 1b. 0 5,570 15,455 30,326
Aero.Yawing ¥oo.(Mzy () | ft.1b. 0 272,838 | 757,882 [1,u85,4b9
R 1b. 0 1,205 3,946 6,565
82 = Yrg B 990 f£t.1b, 0 226,977 629,791 [1,235,784
1r T T - T d = 2 (g, =T
€1 2 MYpax, T, Yome Tﬂxt & X-nx)
g < T T - d T - 0
|
'1'\‘1 1b. 0 1,205 3,346 6,565
T 1b. o 0 0
Ry, °
£ " 0y = &y = Wy '1'rl ££.1d, 5,012,160 4,602,023 | 3,873,777 ¢,778,496
~2 X T
R’i
o - M
r = Znnx ztrLu rad.
IZ no.E
€3 * Yar Tp, Ny
. Xpay trim
I
) {av) |T /T r
P P 2
x-‘x Xmax total
5,910 1030 rad. 1449 1283 .0989 L0549
1 gec, . .
24,600 125 rad, .2188 .2022 «1728 .1286
sec
98,520 500 _r_rﬁ.z .5110 TN ! L4650 F.uzoa
r--— —— {’.’e.,-w o —— L
197,040 1.000 rad, .9004 .8838 | .gsuy 8102
88T, 4'__ —

. b

<3
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35 N

Mol

g

P’ o

>

4

w' .4='- r'-_ <y ‘ p

e,

I} 1

!

i
T
!

!

!

D 9
oy
i
]
-

b
. - 7% ™, 4
ax 3
TYC(\X " 75[/ e ;
xrtr * 130 rr. 4
L - 154 ft. -
T = 750 1b.
RYH&X '
I- e ?',207,000 Bl.rt.2 .
XTR = J2 ft,' ‘
DESIGN NO. B-130/.85
Y = 6O Dpcgreas 3
€y T W Tx Y 2(:1_” Toax  * XTR TRY )- 479,112 ft.lb, ‘
max '=. .
Veloclty (V) kt, 0 15 25 s 3
Drag (D) _ 1b, Y 5.249 14, 564 28,579 | :
Aaro.rgy_@i»:ozi.@zn, ) ft.ib. o 272,838 757.882 F"U‘""ﬁ“ ;
i gy » E_ﬂli'L&’__ le. 1 0 1,136 3,153 6,187 3
T T 3
& * Yrtr 2_9;‘;’_\1"_ [ fran. 0 202,086  |s60,714  |1,100,291 F:
If r °, = 7 and T = 2(g, -Ty ) ;
By 2 Ty ax, Y, Yooz *y, 17 aax k
& < T T . . and T «- 0 '
1S Yoax, Y, 6y RYt 3
Ty, 1b. 0 759 759 759 g
T“'x 1b. 0 754 k,788 10.856 =
1 e m— e e - ] s
€y = ¢y - By = 2Ky X, ft.1b. 479,112 3, b330 1-226,746 5-615.098
& Tr, | 3
W RIS U RS S - ;
M - ¥ ’
r = ‘anx ztr"n rad. ~
IZ ]
sec., =
I g. + Y T -M
3 rtr 'p A p-
a xl.‘lﬂ.! trin : K.
72 i
S ] ¥
) T /T .- S
r '1'[,x {1b) | Try ztoml] 3 2
l——sg.n_‘»— o ;__rn:x o e T‘
L k28 <030 E“—"—I 0253 - 6091 -.0426 I - 0543
e ,i o ... |Bec. . |,M, _
L - 1 )’ .
: 1,73s (127 rad .0350 L0016 -.032y - L3007 X
e [ ) e |Bec. i .
FRUE . 560 rad, :' ; l P 1 &
. V0702 «0396 i 0053 | -.04b4 5
1 L }p‘o_c_,____ S _]1 =2
: 15,270 1.000 ead. ! 1242 0504 Ot -
i L2 030 L0CuA 4
B linc.? | 1 _-,3._1 ] 7
-6 3




[ -
- o T

- -__________«M

Y = (0 Dpegroes
LR 2 S T’Eax + 2(:1rtr TYmax * xTR TR¥->. 1,617,384 f£t.lv.
nax
Velocity (V) Kt. Lo 15 25 35
Drag (D) 1b. 0 5.295 14,5692 28,829
Aero.Yawing !”'(-ztrm) £t.1b. 0 272,838 757,882 11,485,449
gy = Dsiny 1v. 0 1,146 3,180 6,241
By = Ypyy B£30 ft.1v. 0 203,857 565,642 11,109,916
: 1t T % = T and TR * 2(g -Ty )
t €12 Ty, Yy Yrax Xy 1 nax
g < 1T T - and T = 0
S °1 = Yau' Yl 84 Rxl
TY: v, 0 1,146 2,763 2,763
T v, 0 0 834 6,956
RY}
By = Cy - & ~ 2X 0 Trx £t.1b, 1,617,384 | 1,319,424 | 279,986 i ~-656,096
-2 Xop T
R’Il .
M - M
r = zmnx ztrim rad.
IZ eoc.z
€3 * Yrer Tp, My
. Knax trim
iz
T (lv) | T /T r
R P z
ax xmax total —
1,560 L0503 rad-E 0797 0552 ; -.0102 -.0816
8QC, g e e e
€, 500 .125 rad. i J1125 L0879 .0224 L 09O
BQC-Z : 4 — — 1
| 26,009 . 500 rad'i ! L2413 ,2168 11513 .0799
i 3.1 SO
. 52,000 1,00 rad. L 131 , 3856 3232 ,2518
lgec. — ,[__-,_j___‘..-i
-11-=
i"ﬂ"}-’l-’. P i B
il X 3 o e 5.3 0Bt ALY, s 2F =1 oY R M i ki I L O sl Ml . " [ P

ACCYLFRATION TN YAW

R Y
Coavo

NN 7, £an

Txmu = 2,763 ‘h.
Trnu . 2-763 va
Xpep * 130 ft.
Yoo ot 1S4 g

T = 75  1b

RY
nax

1, 23,298,000 s8l.ft.2
Xrr - e £t

S e AN A MRS, o it il 8.1 b r a7 e )

o Gt S R i a1 S bk B, Nl LU cki A it el i st .




e wmm T = - A

. P
T e LT,
’

Fu.vv_-—-“"t":fl

L B em s e = e

|
?
The x " 16.L70 1y, i
S - 130 rt. 5
Yot - 154 rt, 3
T - 750  1b. 3
RY,.. ¢ 3
- i 2 -E'
I, 52,682,000 al.rt. 3
Xz ] 32 ft. g
E
DISIGN 1D, 1-1307.791 3‘
s L) Deprcan ‘
; ¢ 2 - 5 .1b.
oy * Nyer Tx o ?(xrtr Ty Xin TRX ) 5,994,960 ft.lb g
BaX £
Velocity (V) kt. ) 15 25 15 i
| Drag (D) = . | _0 5,715 15,850 | 31,117 | %
Aero.Yawing, h‘.om.(Hz! y ) ft.1b, 0 | 272838 757,032 (1,485,449 g
Yo ou ey ot
ry » L A'” ! 1, U A V4 3,000 0737 i
}_._.,. - ————— b —— i- . T STl - —_ :
€ = Yrer D _cos lft.lb. 0 220,027 610,533 1,198,004 z!;
T T = T and T = 2{(g, - T )
I & > Ty ., 1Yy Y Ry, 17 T i
i
&y < T T - A and T - 0 7
1S Ty, ™Y ; Ry, :
T ‘ 1b. ) 1,237 3,432 6,737 1
Y1 - e e 3
T 1b. 0 0 0 0 1
*y | i
T :" I 1 3
£y " €y = € = Xy Trx f£t.1d, i 5,994,960 i 5,453,333 4,491,847~ 0LS, 336 3
-2 X, T ' ' :
TR |
Ryl | e
PR | :
r Znax Zerin rad. l g
1Z Bec.z ! ‘
| .0+ Y T ¥ | ‘é
©3 rte °p =z i
! - Xrny triz E i
| I, ! i
'_—._. —— = e :‘* T . o —— M A= - —— - —— s v - e - ettt "
R (r) 15, /1, ’ r j
| Fmax | Xeqn Cretal _ e !
l 5,910 | 030 uf‘? (1311 116 0881 L0L59
} cee, o o ]
— S 1
24,600 125 rad. (1857 1702 V1428 0§ !
S R B B S . i
e | cad - : -
58,50 590 fade, ) Lso17 3863 ,3588 3176 g
b et — : E
197,040 | 1.000 _._2""- L6997 67682 16468 6055 5
| 56C, L PR I U U H
Sl i
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ACCELFRATION IN YaH

Tx:u L] 759 1b.
\4 Typax = 75 1v,
’\
W Xpep = 18 e,
L PETS
Yl‘t!’ - 137 fe.
T = 750 v,
Rynnx
1, * 27,007,000 8l.ft.2
Xr = 59 .
DCSIGK NO, A-184/.85
\') '@ 60 Degresa
O " Wy T, ¢t 2(X,qp Taar * X Tay )= 575,778 rean,
RAX
Yolocity (V) kt, 0 15 25 as
Drag (D) 1b. 0 5,447 15,116 29,661
Aero.Yawing dom. (Mz, , ) f£t.1b, 0 272,838 757.882 1,485,449
g = Doiny 1v. | o 1,179 3,272 | 6,421
g = Ypep L£08 f£t.1b, 0 186,559 | 517,723 (1,015,889
ir T T = T and T = 2 (g - )
fr 2 Ym- rl !ma_x Rfl 1 Wmax
g, < T iy - : and T = 0
1= Ymnx. Yi ©1 R‘11
T,i_ 1vb,. 0 759 759 759
T 1v. 0 840 .
Rr1 5,026 | 11,324
5] ®Cy - & - Z.Xm Trl ft.1b. 575,778 10,787 -814, 325 -2,055,63%
-2 Xpp T
- Rxl S D S B R
M - M
¢ o Imax “trin rad.
IZ nec.z
€y *Yrer Tp, Y2
- xI:ax trin
Iz
T () |1 /T j T
P P Z
ax - xmu.x total
" e ‘T["""-‘""‘—‘ I — 0 D,
428 .030 rad. .0235 -.0075 1 0560 -.1289
- —__|Bec, . L (SR S S
1,785 125 rad. L0304 -.0006 - 0492 -.1221
i__ i sec. .
i 7,1L0 . 500 Z:ffi .0575 0265 -.0220 ~-.0949
14,280 1.000 zﬂ!;i .0938 0627 L0142 -.0587
- ge0.” | - Lo I R |
=113

e

B




FR!

crul,

ST T -

’ ‘X ax
~-Y_ oo, - 2,700 lb.
. - e )
w X!‘tl‘ hd 100 It.
. R S .
Yrt:- 1357 1.
AP - ?5,) lb§
v ax
I, ® 29,940,360 gloft.2
X . 59t

Di31ah KDL A=/ 0609

Y = (0 Degreeus

T 67, 356 .1b.
¢y " 2Yrtr "Lpyax * 2<xx‘tr TY;nu * x'I‘R TR! >- 1BC2. 360 L1.1D

R R T R R e B oo P

max
ol sl T -"’r—'—m“'}
Yelocity (V) . (}}- o 15 5 SR p
Irag (D) e Y .0 5. 52h 15,328 | 30,077 3
; Aero.Yowing !e!om.(Mzj y ) ft.1lb. 0 272,833 | 757.882 1,485,449 4
: I R T T 17 T %
£ gy w 2DV 1v. 0 L 1,195 3,318 6.511 3
i e — - . —— R L 1 — :
' g = Ypgr 2 co?jg £¢.1n. O 189,197 js2b,gdL- 11,020,002 §
: If T T = T an.” = 2 (g, - Ty ) o
B1 2 Trox, 'Yy Yox TRYI 17 Ypax %
; g, < T T, = g and T = 0 g
1= Xax, 1 1 er
L e . —— 3
! Ty 1lvb, 0 1,197 2,763 2,763 2
£ 1 2
N S — N S RN -
t T 1b, ) 0 1,119 7,496
1 . W | RS ERN (R i
L By % ©y " 6y - Py Ty | frb. Ti,aéz,aué 1,233,399 | 185,598 =1,067,048 -
: -2 X.. T | i '
TR !
T RYt | I N ' 5
{
P L - MK ! :
' ;o= Zrax Zeria 1 rad, ‘ %
% : o 2 : p
L i 2 lt,ec. ] i
i ' H
r «
A e Y T "h, ! i
A 3 rtr er Larys! ‘ By
[ - TaX | E |
5 l T, l ! 4
o T T T gy - ) B it q
: Apx (1v) ; p /rz R , r §
- : B i max tota I - 3
PPN S S S ey o
7 i 1,560 i .030 x‘r"i'i 0693 392 -.0120 -.C78% g
R . S —.-]Bee: N S . '
E‘G‘ 1 { c - ‘rud. . ! ’1 %
e 6,500 125 e .0919 €618 L0106 -.0555 3
;3 \ B ) —*"‘“‘1’ o .,<‘t"cf - _...__.4'_._ o o * ! ¥
|
25,000 | . 500 rod, Looast2T L L1 0459 0337
. Cfeed _ ] 1
52,000 | 1,000 red. | L3001 2700 . .2188 —l 1527
- ' e [ SO R DU
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i BLERATION IN YAW
!
l Txmu - 10,4790 1v. L,
4 TYonx = 10,470 lb.
{ Xrtr - 184 L. ;-
1 b - 137 . ft. .
T - 750 1b, - 23
Rﬁmx ? -
I, ® £9,575,000 ol.f%.2 .
1 Xrr " 59 It :,
i 3
g DESIGK FO. A-184/.291 ‘ 3
3 V= 60 Degreen L
r oy * 2. ‘r% + 2(xrn_ TYmu * Xop TRI )- 6,810,240 £¢.10. . | :
p max . -
Vl Yelocity (v) kt. 0 15 25 35
; Drag (D) 1b, 0 5,890 16,345 | 32,074 2
Asro.Yawing Moa.(Mz, ) ft.1b, 0 272,838 757,882 (1,485,449
k 61 - D sin w 1b. 0 1,275 3'538 6'941* H
{ £2 ° Yry DSoo¥ £t.1b, 0 201,732 |559,816 |1,098,534 3
- a 2 - f
E v I &= TYIAIn Tri Tynax and TR!I et TYmax) ;
t
E 1< Trnlx. Trl . &1 and TRYi "0
f
: , —
! T b, 0 0 0 ]
H R,l '
: o 5 o )
: €y " €y - &y - Upyn 'rl,1 £¢.1b. 6,810,240 | 6,139,308 |4,948,440 ) 3,158,314
i R
3
-2 Xpp T
5, i L 3
. L - :
o r = zmax ztrim rad.
E' 12 Bec.z :
. \
y €y *Ypep Tp, ¥y
;- O e
PR ] L :
{ , T vy |1, /1 3 4
« R ax meax Ztota{J :
2 -~ e g et ] X
(b4 ,910 . rnd, .10 L0960 .0 . 2
b 5,91 030 T ] 95 7 719 0357 R
| i puE goc. A
. i 3
1., ! 24,600 125 rad, (1463 1328 1087 .0725
Ao | o pec.? . I I
; : 98,520 . 50C rad. 2919 .2783 2542 ,2180
3.' - I e | D0, P PSPPI Y, g
. : i 197,040 1.000 rad, 859 Lb723 4482 L120
‘,-' — noc.? _AAAL_.._M__A._______J,

{
VIR ~120-~




A omFRACION TR X M

rd '/_—Z>
~.Y ,"”‘,__g- ".._
~ vy = (g =) - -
AN S t
V"' Gt \{rtr

- % "'7;
b ' 1 \r TI‘X
t T“I
TY 1
1 b, Jr AN

o " - ':’)/ 1v.
Tl . " 7.7 b,
P - 76 £t.
Yote - 163 L.
o - ) ib.
“Tux
1, ® 17,655,070
Lin - 5 re

< R N * 2,7 * R - ST, 1.
€1 " <Ypar £ 1x (r.\ Faax 7“ i ) ‘
zux
r Yaloclty (V) i xt. I 0 15
Preg (DY [Av, | c S,
Aero.Yn.tng Fo3. (g ) | ft.lb. | 0 0
€y w D..";"LHL.. tlb' ) 1,554
€>* Yrir D.Sg}iﬁ_ | Tt.1b, 0 0
I e IR ( T —_— ) —_— 1
ir > T T = T, and TR = 2 (gy ~ Ty
By 2 "nu. Yl [nux YI 1 Fax A
Gy < T T D) " ond T LY.
1= Ymu. X1. i RY1
1, 1b. | o 759 759 ] 759 :
- 1 o ———— e e = p—— ——
Tg, 1b, ! 0 1,460 6,748 14,702
- L S . -
By "cy -, zxrtr Yl £%.1b. 370,302 240,334 ; 187,054




EIRETITE 2L S PO o R

S TR e

PRI - - - o
PALU,TITRET Y S KT T L

-
N

b

>
e b e e

<f

ACCRLERATION IN YAW

)/16“

-

DESIGN NO. C-76/.609

Y = 90 Degreess

@ -

-t
YI‘T‘x‘

Txmax

TYoax

01 ® zrrtr T%u * 2(5'" Trnu * xTR TRY ).

2,763  1b.
2,763 1;.
7% f.
165 e,
756 "1b.

18,523,000 gl.rt.2
1t."

1,328,214 ft.lb,

TR wES e

. nax

Velocity (V) kt. 0 15 25 35
Drag (D) 1b. 0 5,079 15,786 | 32,93
Aero.Yawing mo"('ztziml £t.1lv, 0 0 0
gy = 2oln¥ 1v. 0 1,512 4,196 | 8,234
B ® Yppr 2098 £t.1v, 0 0 0 0
ir T T = T and T = 2 (g ~T )

€1 2 Tyaax, Yy Ynax RYl 17 Npay

& < T T - and T » 0

= Ynnx, rl 3! RI!
r,l 1b, 0 1,512 2,763 2,763
T 1b, 0 o] 2,866 10,942
in
€y % ©4 = 8y = 2Ky 7!1 £t.1b, 1,328,214 | 1,098,390 [ 879,578 798,818

-2 Xpp T
er

M - M

z.- - Zmu ztrlﬂ rad.
IZ pec.?
€3 * Yptr Tp, ¥,
- Xnay iz
1z

? (p) |7 /T T
P P z

ax Xmax total

1, 560 .030 EEQ;E L0854 .0730 L0612 0569
I 5CC,
6,500 .125 52247 ,1289 .1165 L1047 ,1003
B86C. . -

26,000 . 500 Ezﬁ;i .3005 . 2831 2763 2719

. B 8e0, ]

52,000 rad. .529 «5169 ,5051 +5007

neo. - i
~-172-



AZCYLERATION_IN_YAW

tiancil i B 89 & s tic P i e all ot G

Trpux = 104470 1b.
! N T - 10,470 1v.
g Ypux . ;
| SR 76t
Yetr - 163 12,
: T - 750 b,
eru
I, ®41,236,000 sl.ft.2
‘ra - b1 b P
§ LSIGH N0, C-76/.291
i Y = 00 pegrees
t
H - = 5,012,160 J1b.
| <, zrm Txau + 2(xrtr Trmu * XTR ,R! ) £,012,1 £t.1d
: : Bax
T — -
Velocity (V) Et. o 15 25 1s
Drag (D) _ 1v, 0 6,489 18,007 35,335
{ Aero.Yawing Non.(lzl g ) £t.1b. 0 0 0 0
: 6y » 9——’-,&—"—‘*’—— 1v. 0 1,622 4,501 | 8.833
; i -
i € * Yrer €08 £t.1b, o - 0 0 0
i d T = 2 (g -T B
11 ‘1 ‘>‘ ,rm.x. Txl Txm an Rfl 81 Yll..t)
€y < T T = g and T = 0
1= Xaa.x, !1 1 Rxl
. b - - - = ~——
i Ty | 1b, 0 1,622 4,503 8,833
! i L
i T v, 0 0 0 0
| R
: 3" 0y~ & - Py Ty, £t.b. | 5,012,160 | 4,765,616 | 4,328,008 13,669,544
=2 Xpg T I
i ] R R'l'
; 1 i B
: M - Mz
r = BN X trin rad,
2
A secC,
oo €. *Y .. T K
. 3 rir ‘| z
Y ; - xf\'lx trim
'-:( ; e IZ I
S T, () /A r
‘L ! X by 1o .l
..1 i ; r._.l_x L ey e
DA lv N T
! 5.910 .30 Lo b9 1389 b L1283 L1124
= ._ L2 l —_— [P ——
PR 24,60 125 v : | L2123 } o2 ] 1852
o — R 11 i I
| ' N i
: ‘ 98,520 500 rod .5110 LoTED T R ST
o .. SRS 171 —]
! { , 197, 040 1.060 rad 5 L9004 84 4838 | 5079
i l [ ‘o . .m _i._. -
1 - -
-
| “— R T TS TN I T -

2t 0 BNt it o L 2 e . voe ik s PS4 M1 27 SN ¥ e Mt %0 10 A AL v i ik D i Y
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“ AZCPTERATION IN YA

Tx;u - 59 1b.

‘ Tyaae = 759 b,

| Xeer ° 130 fr.
Yeer - 154 £,

‘ T - 750 1b.

: I, . = 21,57,000 sl.rt.?

' X2 . 32 It

1 _7IGN NO. P-132/.85

: ' y ® YV Degreos
; € " e Tx . * 2 (e Trnax  * *1r Try )' 429,112 Tt.lb.
: nax

L kb e ) nmmmm‘:m.nmmhmmmmm; atsul i il

Velocity (V) Xt. 0 15 25 15
| Drag (D) - . 1.1b, 0 6,164 17,104 | 33,563
. Aero.Yawing i'uorn-(lznju) f£+.1b, 0 0 0 0
f gy = Rolny 1b. 0 1,541 L,276 | ©,390 ‘
| ; + — - E
[ €~ Yry 2032V | 220, 0 0 0 0 i
It g > T -~ and T = 2 (g -7 )
1 l’m. Yi ‘Ymu . R 1 1 YE&X c;‘
3
B1S Ty, T, T By and TRY: - ¢ :
i
Ty 1b. 0 759 759 759 3
;--g_}_ - : — i
T 1v, 0 1,564 7,034 | 15,262
Ry : ;
: :
: £, -8y - 2Ky Ty ft.ab. | 479,112 | 181,676 | -168,404 | -59%,996 i
14 i 1 y
L | -
1
- T !
D TR :
h B R’l _ 1L S :‘
I o j
IE r = Zoax Zerin rad i
i& i I; veo. 3'
. €y * Yrer Tp, My 1
o - Kmax _tFim !
g ¢ ] i
B o, v |1, I, : %
- _li r__ﬂ____i-rj‘;x____‘______.“ (m_{x tol 111 e i
N 428 L0730 fﬁﬂ—i L0257 L0155 -,0048 -.C245 i
4 11 . le“c'c - ——— - - ~4 ‘{‘
Ny 1,78 .12¢ rad. L0350 L0212 LOCHS ~.014 i
‘1'. ‘ 7 5 2 !;(;7 3) . vy L 8 !
l ‘ ne SRS BN B
L 20 | . 500 ]L‘;ﬁ_‘i T- 732, L0510 [ L0432 L0230 i
- i — I .- RO S B | e ;
1 ; 14,280 1.000 radl. I B 106 000 LO764,
o { e (|
o ;
- B




ACCRLEKATION T YAW .
)

t Ty Tr—— mm
u

T Troax  ® 2763 1b,

~. ¥ o= ,~j~;,-,{ ,41_ T!m‘a l 2,7¢3 1b,

. e

Y - . 154 ft.

w ~H_tr.. Yru Xrtr - 130 7.
’ rtr

T - 750 1b,
-— "“ R .’o— —l Ryn
% T 4 47 Tey h

f TRy 23,298,000 sl,ft.2

Ty &l 2 Ik

nrZilon Ko, R-110/.609

Yy = 0 Dagroes

e B ntiiinad Ll S ada e co ud il o TR o C BT T ET
bt
| 3]
L ]
.

3 y 1,017, ,3% .
ey v e Tx * 2(1“!, Yeax * %R T"'r )- ul7.09%  fe.lb, 7
max ¢ -
§ veloclty (V) kt. 0 15 25 35 '
; Drag (D) _ - JETR 0 €.195 | 17,159 1 33,729 ] 4
Aero.Yawing Moa.(Mz, ,.) £t.1b, ¢ o 0 ) i
——————— e — - — — e —— — ———— e m—— s e —*-1 1
g » oiny 1v. } 0 1,548 4,297 8,432
i € * Yrer R%_L‘i’_ £t.1b, 0 0 0 e '
if T T - T and T = 2 (g, =T ) 2
g | &y 2 Tpnx, Yl rr-sux R 1 1 Ynax .
' gy < T T - and T = 0 7
.e - e
E Ty 1 1b, 0 1,548 2,763 2,763
l 5
1 TRY 1v, 0 0 3,068 11,338
z 1 -
T B Cq = Bp = 2K, T £t.1b. 1,617,384 | 1,214,904 | 702,652 173,372
E 3 1 2 rtr Yy ' : !
L !
A 2 XTK T l
: Yy i ) S
) .M - ¥ |
B r = ._hAx trim rnd.r
z n8¢. ¢
G Y T -
3 rir ‘p Z ;
. ‘mx trim
. | - ]
| T (1b) T /T T
P P z 3
| A ax rax total ) ] ‘
{ 1,50 .030 fi‘——éd' .0797 05 .0L05 .0177 2
f— eec, I S ] .
, 6,500 175 ﬂ’:? J112h .C51 0731 L0504 :
sec, 1 . L e b
. : :
26,000 . 600 rad. L L2113 L2 | .2020 | .179)
gec,% l ! ! .
1 — e BEC R S - ——— i 1 :
. [ 1 I I~ B T v
. 572,07 1,000 REIET | SEL 395 3730 j L3512 -
i L lsnc. { . e J I o 5
‘..
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ACCRLERATION IN YAW

DESIGN KO. B-130/.291
Y = 90 Degrees

10,470
1o,u7b
130
154
750

52,688,000
32

1b.

1b.

L.
s,
1bv.

wl.rt.2
rt.‘

PR

°1 - nrtr Txﬂu * 2(&.“ Trnu * ITR TRT )' 5!99“'960 ftclbl
BRX
Velocity (V) xt, 0 15 25 25
Drag (D) 1b, 0 6.696 18, 580 36,458
Aero.Yawing !on.(l;t:h)_ £t.1b. 0 0 0 0
gy » Doiny 1b, 0 1,674 4,65 9,114
g * Yrer .D_Qg.!_L, £t.10. 0 0 0 0
1t T T - T and T = 2 (g - T )
&1 Z Mpa,, 1y Yoax er 1 ¥rox
g < 7 T - and T - 0
12 ey, Yy €1 R’x
T’t' 1b, 0 1,674 1 b,645 9,114
T 1b, 0 0
R’t 0 0
83 - c1 - 82 - z-xrtr Trl tt'lb' 51991“0960 5!5590720 ul?871260 3'625D320
-2 Xpq TR:
M - M
r e 2 nx Zerin rad,
IZ 86C,
€y + Yrer Tp, ¥y
- ax o
I,
? (1) T /T r
P P z
AX Xmax total
5,910 .030 52945 1311 .1228 1081 .0861
B@c.,
21,600 125 52945 .1857 774 1628 1407
B8C., . e — e~ —— e ma
f 98, 520 . 500 rad, 4017 .3935 .3788 .3568
'! HeQ,
il 197,000 1.002 rad L 6997 L6814 t .6668 L6447
noeo.

-126-




ATCRUERATINN Y Yr Y

a5t S MO o n P byt N MRN8 o i e Lkt et A e L. 4

T Txene = 759 1b.
'\V;\ TYeax 759 b,
» A +
_“:l xrtr 18 L.
Yrtr - 127 £,
T ~ 750 1b,
Rymﬂ!
1, = 27,007,000 ul.ft.?
L1y - 59 1.
CTIGR KO, A-1RL/.85
Y = 90 Degreesn
€y " Mg Tx, z(xrtr oax  * %18 TR! )- $75,778  ft.lb.
max
Voloelty (V) kt. o | 15 25 15
rag (D) 1b, 0 6,374 12,632 34,707
Aero.Yawing N“"”‘_Ztun) ft.lb. 0 0 j 0 0
. _ ] | ’
D sint
gy = DSRU 1b, 0 1,593 s, k21 8,676
g  Ypgp D29 ft.1v. 0 o 0 0
Ir > T T - T and Tp = 2 (g - T )
€1 2 Tyrns, Ty Tmax P1’1 1 Toax’
g, < T T, = ¢ and = 0
1= Yr.a.x. X! 1 Rxl
T r~
T‘i 1v, 0 759 759 759
T 1n, 0 1,668 7,324 15,834
R"x
B3 ™€y - Fy = 28X 0 '1‘,1 ft.ld. 575,778 99,6L2  1-567,766 +1,571,946
-2 X, T ‘
TR |
oy - R . o
M - '
r = Zrmt Ltrim Irnd. i
e trie by
2 z:cc.2 I
Cy *Yper Tp, M2 |
‘ . Xiax_ - ¥Ein |
. L Iz ! B o
. T {apy I [ /T r ]
B P S < L
i ___~{L‘»rhx . Aeax total ‘L B B o
. h29 .030 rad. .0235 0059 -.018 - 0¢
"| ) !Upc'z /2 9 .0160
1 e o= R R
' 1,795 ! REY i, 519! - o
g ? i | !mc7 L0304 0127 | -0t .
a : _ | U
. 7,190 . 500 Al .05 [ l 5 2
1] i 0 o 2 575 | .0399 | 0152 1 L0200
i | ) - ! - ‘1' . ~‘T o T
o ! 1230 | 1.000 rad, .0938 L L0761 L0514 LO1LD
; ; l.,...____.,w.___._x.‘,._,_,_,__ 5ee, L. [ SRS S .-
D -1z27-
1
o
B
i
E—L _ I e pe s )

@
|
|
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ACCELERATION IN YAA

L_sIGN NO, A-1E4/.409

Y = 90 Degrees

G = zrrtr T%nx * z(lrtr ’r.u + xm ,R‘! )
nax

- 2,763 1b.
- 2'763. lbo

184 ft.
137 gt
759 lb.

59 e,

.

29,940,000 gl.ft.2

[}

= 1,862,3“6 ft.ld.

F T SRR SIS VIO, AV U0 TSN

Yelocity (V) xt. 0 15 25 35
Drag (D) 1v. 0 6,466 17,942 35,206
Aero.Yawing Mm.(lzm) £t.1b. 0 0 o 0
g = Dolnw 1b. 0 1,616 4,485 8,801
€ = Ypi 2co8 ft.1v, 0 0 0 0
1r T T - T and T = 2 (g, - T )
& = Yonx, Yy Ynnx R'f1 ! Ynax
g, < T T - and T = 0
1S Yoon, Y, L3 R’t
r,l 1v. 0 1,616 2,763 2,763
T 1 0 0 JHL4 12,076
RTI . 3 7
&y "ty -g, - zxm ‘1‘rl £t.lb. 1,862,346 1,267,658 439,170 -579,406
-2 Xop TRY
M - M
r = Znax ztrim rnd.
IZ 890-2
€, *Yrer Tp -Ms
. Xaax trim
1z
T (1b) |1 /T r ]
P P z
ax Xmax total
1,560 .030 Eéﬂ;f .069) .0L95 .0218 -.0122
LS AN Gy
6,500 . rad. s !
| 5 125 rad., 0919 L0721 LOlbl .0103
'I geC. .
I 26,000 .500 rad. 1812 L1613
| — oot | .
. 52,000 1.000 rad, . 3001 .2802
N gec. ‘.._._._‘_J
-128-
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ROITLIATIOS TN Y. i
o A, = 10,470 1u i
- < Ty, * 10,670 1b,
3~ " t
w Xrtr Ld lua ft. ii
R
Yrer - 137 b g w
T - 750  1b, ’;
RYax ? 3
1, = 69,575,000 8l.ft,2 i
Xn . 59 fi. i
SUISN NOL A-10B/,001 %i
i
\V = 90 [egreed !
§ " e Tz, * 2(xrn_ L Tﬁ'r )- 6,810,260 ft.lb. }
nax ;
Veloclty (V) Kt. 0 15 25 35 4
Drag (D) - 1. 0 6,901 19,150 137,577 i
Aero.Yawing Mom.(Mz, ;) | £t.10. 0 0 o 0
D
gy w RSOV 1b. 0 1,725 4,787 9,394
- —— ~-
€ = Yryr Q_C%B:‘L £t.1b, 0 0 0 0
Ir e > Ty, . TY1 Trmu and TR . = 2 gy - e
8y < T T £ and T = 0
1= Ymax. Y1. 1, R1’1
TYI | 1v, 0 1,725 b, =37 94394
T, 1b. 0 0 0 -'o B
R’i
€y " Cy - &y ~ X qp T’l £t.1b. 6,810,250 | 6,175,450 15,150,624 i 3:353,248
l 1
' “2 Xg T, ,
M., -
r e “nax
i iz
- 83 * Yrae Tp
- -
P P
. o~ Taw ;-
-‘i L e j
,1 { 5,910 .0593 :
. l'“" . - k
. ! Zh, 600 .0v6L
| e
o 98,520 L2b22
. ! e T LT _
' ’ 1 ’.O"O
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%
{
‘ '
} CCBLERATIO AW
Txnu - 759 1b.
' TYonx " 759 1b.
&.u. - 76 n-
Yoor = 163 ft.
E Tarnu - 750 1b. ‘
i I, ® 17,645,000 sl.ft.2 :
; X1R - 5 ”®t.
| DESIGN NO. C-76/.85-609
i Y = 0 Degrees
Oy * Trgr Tt X Ty * X Ry )= 370,302 re.dn, !
max }
: Velocity (V) Xt. 0 15 25 35 ,é
: Drag (D) lb, 0 866 2,402 4,711 '»“
? Aero.Yawing Mom.(Mz,.s.) f£t.1b. 0 0 0 0 J
; g = 2oinw iv. 0 0 0 0 %
i g2 " Yrer 2-9%13L- ft.1v. 0 70,579  ]195,763 | 384,109 %
' T - T 4 T * 2(g, ~ T T
. 17 81 > TIM.!; xl Ynu an RYI 81 Yau) j
N s 1 .
€ << T T - 4 T = 0 : é
1= !ﬂu. yl gi a RI], , ("
T 1v. 0 0 0 0 !
Y, %
T 1v, 0 0 0 0 3
er - ]
ﬁ &y ® €1 " 6 = e Ty, £e.1b. | 370,302 299,723 |17%,539 | 13,807 ' ;
: .
' -2 T 'Y
a Xrr Ry, 5
; W, - M, o . ‘ jj
\ ; x‘_ - BAY tris . H
2 ff:?i ’11
g, *+ Y T ~M -4
) 3. rte P‘:u Zirim ii
- il
. ) [T - A
Tp av) fT r 4
ax max total :,i
rad. 1
‘ 1,560 .109 sec, 2 .0354 <0314 0243 0136 {
rad. '1
6,500 Ass ,.o.z .0810 , U270 . 0699 0597 i
- ' rad.
26,000 1.821 sec. 2612 2572 2500 .239
. rad,
52,000 3.6L1 BeC. .5013 4973 4903 47296
-130-
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ACCBLERATLON IN YAW
Mgoax ° 759 1b,
NYoux = 759 1b.
Xeer - 76 1t.
Year ° 163 11,
T - 750 ib.
er
I, . ® 17,645,000 sl.ft.2
Xrr - 5 rt.
OESIGN HO. ¢-76/.85-.509
Y = 30 Degrees
€ " o Txoo v 2 Xy Typyy * Xam Tay )= 370.302 ft.lv.
RAX " .
Yelocity (V) xt. 0 15 25 35
Drag (D) 1b. 0 2,582 7,186 14,061
Aero.Yawing Fom.(Mz, () £1.1v, 0 272,838 1757,882 [1,%48y,449
g » 9—2%212—- b, 0 322 895 1,757
£ * Ypr D2-299 £1.1b, 0 182,240 | 505,783 | 992,440
¢ 4 > T T - T and T » 2 (e =T )
€ = Trax, xl xnax Rxl °1 Ylll
& < T T - and T = 9
1= BAX, Yi 61 RTI
Ty . 0 322 759 759
1
T ivb, 0 0 272 1,996
R‘l
g, " ¢4 - g, - 2X T f£t.1b, 370, 362 139,118 | -253,569 | -757.466
3 1 2 rtr Y,
-2 Yop T
TR
- R’l ]
M, - W
r . mAax “trim rad
—IZ BOC.Z
€y *Yrer Tp, M
- xmax trg
1z
Tp (v Tp g £
l:ax Whax total
rad,
1,560 .109 gsec, .03540 .0068131 -.04291 | -.,112
rad.
6,500 Lss sen. .08103 .05247 .002723 1 -.06707
T
rad, {
26,000 1,671 nec, 2612 L2326 L1829 1 .11m
rad,
952,00C 3.641 Bec. 5017 L7238 L4230 23533 1

-131-
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i
Tlma.x - 759 1b. ) 'l'
Npax " 759 1b.
_ Xoer ° 76 £,
% Yoo = 163 . 3
; T - 750 1b. ‘
. R
) : Trax 1
; I, = 17,645,000 gl.ft.2 i
: d Xor - 5 ft.'
) : DESIGN NO. C-76/.85-.609
? E Y = 45 Degress
i 3 ’
; 0F ® oo Tx o ¢ 2Ly Neax * *1R Tay )= 370,302 ft.lb. . -
N ! : Bax ! T L
" Velocity (V) kt. 0 15 25 35
., Drag (D) 1d. ¥,030 11,194 E;
; ! Aero,Yawing “m'(:zI.J:—iL) ft.lb. 315,050 875,138 )
. . g » D_zaﬂ.&.. 1b. 712 .41 2978.8 3
B2 ° Yry D098V £1.10, 232,246  |645,101 3
1 > T % * T and T * 2 (g ~Ty )
€1 2 %y, 5 Tnax R’li ! Yaax 1Y
& < T Ty = and T “« 0 2
1= xnnx. !1 €1 RY1 3
f 4
; 1,1 v, 712.41 759 - 3
T b, “
R"; ‘ 0 2,L4o
By® oy - 4y - ey Ny £4.15, 29769.7 |-bi4, 567 "
P -2 T 7
; e Try .
t M - M
; i o max Zerim rad, .
;; ) i zaet:.E
. . g, *Y T - -
¥ s S
;' ',‘} 2 :
- NN SUYR [ N r ]
?_, ‘ "X xrnax Ztotal y
g ’ ; rad, .
g, [ L28 «030 pec 2 ~,0122 -.0691
g, “ . . rad . A.
SR 1,785 .125 sec. 0003216 | -.0566 -
fo | - rad,
e 1,560 :109 seq, ~.001757 | -,05868 "
b ; a. )
- ! é 6,500 Jbss ssc.? 104388 | -,0130%
5 . . 3 - . \

P T e - l’




ACCBLERATION IN YAW , .

TXgax = 759 1d. ;
TYoax 759 1b. E
" Xper - 76 7t. 3
Yrer - 163 ft. .
Thy = 750  1n. -
‘max <
I « 17,645,000 sl.£t,2 3
O
oot 5 f /
DESIGN NO. C-76/.85-.609
Y = &0 Degrees E.
' , 1 * owr Txay * e Trpae Ay Try )= 370,302 £t 1b.
maXx
Velocity (V) xt. 0 15 25 35 .
Drag (D) 1b. 0 5,107 | 1k, 172 27,810
Aerc.Yawing Moa.(Mz, ) f£t.1b, 0 272,838 57,882 1,485,469 E
€& - —*y;—w—n 2en v, 0 1,105 3,068 6,021
A
€2 " Yy Dcge¥ £1.1%, 0 208,110 577,509  {1,133,257 G
It > T T, * T and T = 2(g -Ty ) 3
& 2 Yoax, Yy Ynax R 1 1 Yaax .
g, < T T, = and T = 0 g
1= Ynu. YI €1 ; Rll
Ty, 1v. 0 © 759 759 759
TRY 1b. 0 692 4,618 | 10,524
1
€y " ¢y - 8, - Xy 1-!1 £t.1b, 370,302 39,604 }368,755 |-983,563 3
-'XTRT f
‘ M - M :
- Zpax Strim rad. E
; IZ sec.z
: B3 * Yrer Tp, ¥y
b - Xoax ~ trim
¥ TZ &
K ax max total
- ,
'J rad, I
i.' ! 1,560 .109 soc. 2 .03540 001193 |-, 069Uk | -.1265 X
4 ! rad. B
B 6,500 Jss sec. 2 .08130 LOb6E -.003805 | -.07983 :
! , rad, T
‘ 26,000 1.821 090 .2 .2612 22720 i .1763 1007
. T I -
’ : 52,500 3.6L1 mec. ' .5013 671 i L1635 L 3ol
|
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SR \-Y B B b doagiis etk S
4
i
4
1

ACCBLERATION IN XAW
g Tepax = 759 v,
* ~Y_ (=% c,t_—.zj Typax = 759 1,
A o ;T X . 76 1t
_‘;’. ~ ey rtr rtr .
; - ) \&[" - | Yper » 16) | fx,
i .
' by - 0 lbt
! o~ ot ('f:>"‘,ip’1' RYmax _ ”
: X } T'Rx ' X 1, ® 17,645,000 s1.0¢.2
1y * X, o+ 5t
i DESIGN NO. €-76/.85-.609 -
' "y = 90 Degrees
| O * W Tx ot 2Xper Ty ¢ Xpg T"x ) 370,502 ft.1b.
! sax _
E Ysloclity (v) kt. 0 15 25 35
Drag (D) 1b. 0 5,958 16,532 32, 40
AsTo.Yawing "“"('Zm;;’ £t.1b. 0 0 0 0
g » ooy 1v. 0 1,589 5,133 8,110
‘2 - xrtr cos £¢.1d. ' (v} 0 0 { o R
1f & 2 ,xlu. TY!. - T“mnx and Ter © 2 (“ B Tynnx)
< T T - ‘ 4 T = 0
!x >~ Xmu. !1 61 an in
Ty, 1v. 0 759 759 759
T 1b, 0 1,460 6,748 | 14,702
Rri
&y "y - & - Xy T"x ft.1b. 370,302 | 240,334 187,454 (107,914
1
, -2 T l !
. ™ - M e
r = zmu Ztrin rad. :
2 sec.? ks
! &, * Y T M 1
¢ 3 rtr °p 2 |
v} - Knu trim :
{ iz &
c) T TONE ) 3
o P Vg, ‘
) E ‘ P&Il.x ) ’iu Zeotal
e { rad.
b 1,560 +109 sec.2 .03540 .02803 .02503 020853 3
L rad. -
L 6, 500 55 gec.2 .08107 | .07%7 07067 | .06616 A
T ' rad, *
‘[ 26,000 1.821 nec.? 22612 +2538 .2508 2463
. ; r do'
|k jz.CO'O J!&l €O8C . u5°13 '“m — l~?1o -heéi
’ \ ~1734-
) PUSIRSTIL - . —Dl.'l'ﬂ EE S
“ Sme——
O - T
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ACCRLERATION IN YAW

e n aelendd o TecATENTRE 20

e APy DT iy

RS R -k bl Rt bt - S o sl

P uz TXUJ&X - 759 lv.
S - 130 e,
L - 154 £,
T - 750 1b.
Rymu
I, ® 21,567,000 8l.ft.2
b » 32 T,
DESIGN NO. B0130/.85-.609
YV ® 0 Degress :
O * pp Ty v 2 Ko Ty ¢ A 'rRr ) 479,112 ft.1b,
RAX
Yelocity (V) kt. 0 15 25 B
<0 | 5
| _Drag (D) 1b, 0 887 2,661 4,830
Asro.Yawing Mom.(mztrim) f£t.1b. 0 0 ) 0
g » Dealny 1b. 0 0 0 0
€ = T Doga¥ £4.1v. 0 68,299  [189,497 | 371,910
It T T = 7 d by = 2 (g, -
& > Yeax, I‘ ¥mn1 an RYX 1 Tynnx)
& < T T . and T = 0
r,l 1v, ) 0 0 0
by 1v, 0
R’t 0 0 o
By = ¢y - & = Upp T’x £t.1d, 479,112 410,813 289,615 107,202
“2 Xpg T
R’l
M - M
r = Zmax Zttim rad.
Ié Bec.
& * Yrer Tp, Y
. ax trim
I
T (1b) TPX /1, r
| ”X mnax totul
( rad.
1,560 109 cec. .03335 03019 .02457 015611
rad.
6,500 M58 (gec, 06861 06546 . 05984 .05139
rad. ; , i
26,000 1,821 sec. : '2OJL i !20“2 213291 21906 j :
; 52,000 3.6u41 660, | .23935 J <A9CH | .a8L7 3763 .
-135-
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M L - fe el

TXpax ° 759 1b,
TYB“ ' 759 1b.
xrtr . 120 £t.
S - 154 ft,
T - 750 1b.
anlx
1, = 21,567,000 8l.f .2
b o - 32 e,
DESICN NO. B-130/.85-.609
y @ 30 Degreses
OF * Mo T *2AXper Ty, * Xpp Tﬂr )= 479,112 ft.1v.
RAX
Veloelity (V) xt. 0 15 25 35
Drag (D) 1b. 0 2,636 7,314 1k, 352
AO!‘O.anin‘, Hm-(.ZQ) f£t.1d. 0 272.838 ?57-882 1.“8i-u+9
g = D_-;Ein_ui_ 1b. 0 329 91k 1,75
£ * Yrgy 2coSY £t.1v, 0 175,778 | 487,726 957,048
ir T T = T and = 2 (g -1 )
& 2= Ty .. Y, - Txyt 17 Mpax
&, < T T - and T = 0
1S M, ™My €1 Ry,
Ty 1b, 0 329 759 759
1
T 1b. 0 0 310 2,070
R’A
By " Cy ~ 8 - 2K 4. Ty f£t.lb, 479,112 217,794 | -225,794 | -807,756
-2 Xpq T
R’t
M -
i e Zmax | Pergn rad.
IZ secC.
€y *Yrer Tp -
- xmu u‘,h -
Iz
Tp (1v) T, /1, r
ax max totnl |
rad,
1,560 .109 soc,z .03335 +08587 =.03447 -.09519
rad. .
6,500 Lss sec.? .06863 L0386 .0008032 | -,6627
rad.
26,000 1.821 sec. 22079 21831 210405 107932
52,000 3.641 vec.2 | +3935 .3688 3257 2650
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Txuu - 759 1b.
TYmu - 759 1b.
L S - 130 It.
Yrpgpe " 154 ft.
T . 750 1b,
anu -
I, * 21,567,000 el.ft.2
DESIGN NO. B-130/.85-.609
Y = L5 Degress
¢ * Nper Ta o * 20Xy Ty * X Tﬂr )* 479,112 rt.lb.
BARX
Yeloclity (V) kt. o 15 25 as
Drag (D) 1b. 4,100 11,389
Aero.Yawing Fom.(Mz, () f£t.1b. 315,05C |875,138
g = Doin¥ 1v. 724,78 |2013.31
g " Yrer 2%-_&'_ ££.1d. 223,23+ 620,099
1t T T - T and T = 2 (g =T )
& 2 Ymax, Y Taax RY! 1 Tmax
gy < T T . . aAnd T = 0
1= Ymnx. Y! “1 RYI
Ty 1v, 724,78 759
1
T 1y, 0 2,509
R’t
8y ° ¢y - B 2X,yp Ty rt.1lb, 67,435 -498,903
2 X, T
'l NYL
¥ -~ M
r = Zmnx Ztrlm rad.
IZ— BQC¢2
€, * Y T ¥
3 rtr °P z
- XEHX trin
12
Tp (1v) | Tp T
ax xmax Zto\:al
i rad.
1,428 . 030 mc:.2 -,0084 -.0607
rnd.
1,785 125 ::mc’:-2 +.0013 -.0510
rad.,
1,560 109 gec,z -,0002 -.0526
ad
6,500 158 pec, 0349 | -.0173
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Tx.u L] 759 1b.
Tyaax = 759 b
Xerr - 130 re.
' Yrt.:‘ - 154 ft.
T . 750 v,
Rym
I, . = 21,57,000 sl.f%.2
x,a - 32 ft.’
DESIGN NO. B-130/.85-.609
Y = 40 Degress .
oy = Wi Tx (X Tyt X TRY Jo 479,11z fe.lb.
Dax
Yelocity (V) xt. 0 15 25 35
Drag (D) 1b. 0 5,249 14, 564 28, 579
Asro.Yawing Hon.(lzn_h) £t.1d. 0 272,638 757,882 1,485,449
g » Dolnw 1b. 0 1,136 3,153 6,187
£ " Yrir LLsgg%&L_ £¢.1b. 0 202,086 |s60,714 [1,100,251
11 € 2 r‘m. TYI i Tymu and ) TRY] =2 (gl - T\[max)
By << T T - and T = Q
1= Ynlx. Yi &1 R11
Ty, lv. 0 759 759 759
T ' 1b. ) 754 4,788 10,856
Ry, :
£y = ¢y - gy = Wpyr T!1 £t.1b. 479,112 31,430 [-226,746 | -615,098
"2 %R Ta,
M -
x.- - Zmu nztriﬂv rad.
IZ acc.f
&3 * Yror Tp ¥y
- Yaax trie
iz
7 (1v) Tpx /1, r ‘
ax max total
rad.

1,560 © 0,109 200, .03335 -.0000542 | -.03452 | -.08626
6, 500 L5s eec.2 06663 ©,0352 .00072591 -.0510
26.000 1.821 880, 1 207¢ 117“.5 Qljuo 1088_26

| 52,000 9,661 neo.2 L1935 2601 | 3257 12239
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DBSIGN KO, B-130/.85-,609
Y = 90 Degrees

Txmu - 759 1ibv.
TYpax ™ 759 1b.
Xeep = 130 g1,
Yrtr - 154 It.

T - 750 1b.
Rynu

1, @ 21,567,000 Bl.f¢.2
b - 32 e,

k79,112 ft.lb.

0 = Wpern T ¢ 2K Ty ¢ X Tay )e

BAX
Yelocity (V) kt. 0 15 25 35
Drag (D) 1db. 0 6,15% 17,1048 | 33,563
Aeroc.Yawing rm'(lztrin) 9 794 -9 0 0 "]
g » Doiny 1b. 0 1,541 4,276 6,390
£ ° Yry RogrV £t.10, 0 0 0 0
b T T = T and T = 2 (g -T )
r & > Yaax, Y, Yoax RYI 1 Toax
By < T T - end T = Q
T € Ry,
Ty, 1v. 0 759 759 759
7 1b, 0 1, 564 7,034 15,262
R’i
-2 X0 T !
TR g
i in H
M - ¥ I
; o lmax Ztrin 4. },
!Z 8E8C. i
B4 * Y T -M !
3 rtr P yA
;. ] Xany _tTi®
A Iz |
B ? (o) ( T r !
i F ax meax /tho?al {;
'.1 rad. Ja
, 1,560 .109 zm:.E +03335 .01956 003331 | -.016L5 E
“t rad. "
4 6,500 455 sec., 06863 05484 .03861 .01883 Jd
. ’ rad. .
: 26,000 1.821 sec, 12079 11941 .1778 .1581
! - , d
i 52,000 3.641 sec. 3935 43797 L3635 L3437
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, Txﬂu - 759 lb‘
Tynu . 759 1v.
b S - 184 .
Yoo ° 137 tt.
T - 750 iv,
Rynu 5
I, ® 27,007,000 sl.ft.2
Xpq - 59 e,
DEIIGN MO, A-184/.85-.609
VY = 0 Dagrees
6 * M Tx v 2Xpr Ty ¢ Xpp Tay )= 575,778 rt.lv.
BAX
Yeloocity (V) xt. 0 15 25 35
Drag (D) 1db. 0 858 2,493 4,892
AsTo.Yawing lon.(lzgr;nz £t.1b, ) 0 0 0
g » Defnw 1. 0 0 0 0
——
£2 % Yre ROgAV. ft.1v. 0 61,513 |170.770 | 335,102
17 T T - T and T = 2 (g -~ T )
€12 Maay, Ny Yrax R, 17 Yaax
L << T T - and T = 0
1= !na.x. Xy €1 RYI
T’x lv, 0 0 0 0
T 1b, 0 0 0
8y ™ €y - 8~ Wy rrl ft.1v, 575,778 514,265 405,008 | 240,676
=2 XTR TRY B
r = __9PAax tr pad,
12 BOC.
' €3 * Yper Tp, ¥
v Xoax ~tim
1z
Tp {1b) ’I‘Px /TZ r
AX max total
rad
1,560 .109% ..0,5 .02923 .02696 .02291 .01683
rad!
6,500 lssg ,.0,5 ,05L29 .05201 04797 041838
rad
26,000 1.821 ,.c,z +1532 +1509 1469 15408
rad,
52,000 3,641 se0. .2851 .2828 .2788 .2727
~-199<«
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ACCRLERATION IN YAW

Tpax 759 1b.
TYopx " 759 lb,
Xper - 184 It.
Yogp = 137 ft.
Ty 750 1b,

1, = 27,007,000 8l.ft,2

Xop = 59 ¢,

DBSIGN NO. A-184/.85-.609
\ = 30 Degreess
O * Mrer Ty * 2 Xetr Tranx * *ra T“r Jo 575,778 ft.1b,
nax
Veloclty (V) Xt. o 15 25 as
Drag (D) 1b. 0 2,705 7,505 14,726 |
Asro.Yawing Mon.(llztrjn) ft.1lb, ] 272,838 757,882 1,485,449
gy = Dolnw 1b. 0 338 938 1,840
£ % Yrer D_"%u&. ft.1b, o . 160,660 | ihs, 217 £7). 506
1t > 1 L . T and T e 2 (g -7 )
€ = Yoax, YI Ynu er ! Y'u
g, < T T " d T = 0
1= Iau. YI €1 an R11
2,1 1b. 0 338 759 759
T 1b.
R’:' ° 0 358 2,162
&y = 0y - £ = 2X_ . Tyl ft.1lb. 575,778 290,926 |-190,995 | -832,23¢
-2 T
“ta Tay,
M - M
;. ‘max Ztrin rad.
rZ aec:.2
4 Y T =N
i 3 rir P‘uu Ztri.m
1z
ax max total
rad,
1,560 .109 mu:.z .02923 .008583 -.0272 ~,07790
rad.
6.500 LSy mec. L05430 .03364 -.002163 ~.05285
d,
26,000 1.821 gsec. 1832 +1326 .09676 | .0L6O7
rad.
52,000 3.641 sec.2 2851 2645 . 2286 .1780
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, Traax = 759 1.
‘ TYpax ° 759 1b.
xl‘t!’ - 184 £,
Yeee = 137 re.
T « 750 1b,
?ﬁ-‘ ?--{ RYoax
T .
X Rr 1, - 27,007,000 sl.rt.2
| 'r, XrR Xog . 59 Py
g DESIGN NO. A-104/,052,609 .
! \ = L5 Degress
| o * Trgr Thpy * 2w My * ¥ Ty, ) 575,778 ft.lb. g
: aax oy
: Velocity (V) Kt. 0 15 25 15 3
! brag (D) 1b. 4,300 1 11,96k ' ;
Aero.Yawing Mom. (N2 ) f£t.1b, 315,050 (875,138 © 4
g » Dalny 1b, 760,14 [2,111.4 %
£ " Ypee 269 £t.1b, 208,278 | 578,529 y
A
Ir T T = T and = 2 (g, -~ T ]
€ 2 Yaax, Yy Ynax TR‘II & Ynu) 4
|
< T Ty = and T - 0 '
©12 Trax, N € R.,l '. §
Ty 1v. 759 759 ]
1.4 : 21
7 ITH 2.28 2,705 ! i
By " 04" &y - g Ty, ft.1p. 87,919 | -601253 %
! -2 Xpp T g
Ry, ;
M - M i
, : o ‘oax ‘trin rad. i
IZ nec, 1,1!
&y * Yrer Tp ¥ b
. Xopy  trin .
IZ 1 ?
Tp (1v)[ Tp T :
, X Z o
’ ax max total 3
i rad. !
j 428 .030 sec. 2 .2890 -.05250 3
3 4. B
1,785 .125 0.2 0006448 | -.04561 : a
, rad.,
H 1,560 .109 000,28 ~.0004966 | -.04676 3
X : E&_z.sd - 2
£~ L 6.500 .uSS BOQ. .02“56 —.02159
PREPRNTIRETL Jab b e
ﬁ;- R - - - £ P i o e S -
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Txmax = 759 1b.
Tymu ' 759 lb.
Xper . 184 ft.
Yttr = 137 B 4 T
T - 750 b,
Ryw
1, = 27,007,000 sl.ft.2
b - 59 e,
DESIGN NO, A-184/,85-.609
Y = 60 Degress
ey » W T ¢ 2K Tyt Xpp Tay )= 575,778 ft.lv,
BAX
__Veloelty (V) kt. 0 LS - R R
Drag (D) 1v, 0 5,407 15,116 29,661 |
Aero.Yawing Mm.(lzm) £t.1lb, 0 272,836 | 757,882 1,485,449
g » DeinW 1v. 0 1,179 | 3,272 6,421
]
€ " Yryr 209 ft.1db. 0 186,559 |517,723 [|1,015,889
Ir T T - T d T = 2 (g -7 )
€1 2 Maax, Yy Y anx an th 1 Yaax
By < T T - d T - 0
12 oy, Y, &y an . RYx
Ty 1b. 0 759 759 759
1
TRY 1v, 0 840 5,026 11, 324
1
£y " ¢y - &y - Xy '1'rl £¢.1d, 575,776 10,787 | -814,325 {-2,055.655
-2 Xop T
v TR "Ry
M - M
g.- - z"u ztl’iﬂ rad,
IZ uoc.i
€3 * Yrer Tp ¥
- xu.nx trin
12
Tp (av) | Tp /1 r
ax xmax Ztotal
rad.,
1,560 .109 e.c,5 .02923 -.001790 -.0503 -.1232
rad., (
6,500 .Lss .,.e.z .05U29 .021327 -.02524 | -.09815 |
rad. T
26,000 1.821 cec.2 1782 1222 ,07368 .0007737|
rad.
52,000 3.641 s0cC. .2851 L2541 12056 L1327
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| | i
b 3
{ 1 %
. Txuu - 759 1v. ;
'. ' TYoax 7 759 1b. fé
: - Xpop = 184 e, é
. - 3 z
: Yrt!" 237 It. a
! T = 750 1. :
I, = 27,007,000 81.£%.2 ‘é
( :
i Xrr - 59 e’ %
{ DESIGN NO, A-184/.85-.509 g
fl V= 90 Degress . 351
! - ‘ ' A
;[ oy oor T * 2 Yrer Trgar * *nm TRx ® 575,778 f£t.1b, ’g
} RA&X B
Veloelty (V) xt. 0 15 25 5| ‘3
i Drag (D) 1b. 3 6,37 | 17,687 34,707 H
i Aero.Yawing Mom.(Nz, . ) [ ft.1b. 0 ) 0 0 %
‘ gy m Dolnw 1v. 0 1,593 b, 421 8,626 i
; 4
- (1]
g & " Yeer LE!‘L £t.1v, 0 0 0 0 i
= ir > T *, = T and T = 2(g, -Ty ) i
! f12 % ' YI Tnax &11 &1 Yax 3
€, < T T - q T - 0 4
: 1= Y'“! Y1 &1 = Rxl .q
f- e v, 0 759 759 759 3
Toy 1b. 0 1,668 7,324 | 15,83 .3
1 X
€y " ° - & = g Ty, £r.1d, 575,778 99,642 |-567,766 11,571,946 é
,S 1
-2 xTR TR! [
1 *.
.o" " Y2 . "
r = nax rac. )
. o ;« I 8ec. %
o : g, *Y T - b
b DT Tayy e :
ool i . T g
vy z 3
L. i ! T, (1v)| Tp I ¥
:t-" J xmax Zt0tal
3 : rad. 3
2, é 1, 560 .109 sec. 2 .02923 .01161 -.01311 | -.05029 k
irl . d i
[ 6,500 Lss 8ec. 05429 -03666 01195 | -.02523 g
«
: ! !Edo
;A : :g 26,000 1.821 eeq, .1532 <1356 +1109 .07369 3
. ‘?
Lo d b
52,000 3.641 .2675 , 2478 .2056 é
3
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